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PREFACE
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3. '.11 t-y of Water and Power 
4. ltLgation and Power Department, Punjab
 
5. Irrigation and Power Department, Sind
 
6. Planning and Development Department, NWFP
 
7. Planning and Development Department, Baluchistan
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EXECUTIVE SUMMAURY
 

INTRODUCTION
 

Tnis report presents 
a Revised Master Plan for Rural Electrification in
 
Pakistan. It was prepared in accordance with an agreement between the
 
Government of Pakistan (GOP) and 
the United States Agency for International
 
Development (USAID).
 

In accordance with the agreement between GOP and--USAID, this plan focuses
 
on 
the strategic aspects of rural electrification (RE) development in
 
Pakistan; and in accordance-with this agreement the plan covers 
the following

policy components of Pakistan's rural electrification policies:
 

I. definitions of rural electrification;
 

2. the institutional structures to 
implement the Government's rural
 
electrification policies and programs;
 

3. policies regarding intensification or backfill (increased penetration
 
in already electrified villages) versus extending the system to 
new
 
villages/settlements;
 

4. consumer connection policy;
 

5. tariff policy;
 

6. subsidy policy;
 

7. village/settlement selection policy; 
and
 

8. technical standards and supply alternatives.
 

The Government has decided to provi.de electricity to all areas of the country
 
as part of its national planning and socio-economic development programs. 
 It 
is essential to fully understand chat che implications of the difterent 
aspects of rural electrificatioi policy are interrelated and musr be 
considered in an integrated systems fashion. In policy deliberations the focus
 
must cover not only the village/settlement selection policy but 
must encompass

the greater consideration of all 
the other policy issues and consLderatkon of
 
their interrelationships.
 

I
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DEFINLTLONS (Chapter L) 

Ine definitions presented oeiow are 
to be used co define areas in wnich the 
electrical supply and servlce shall be known as "rural elecrrification". The
 
defiLnitions acknowledge rt1e distinctions between Che provision ot electricity
supply and service to rural vecsus urban areas and customers. The definitions 
would be uCilized to LdenLiv distinct administrative, area and :unctio, ai
 
uesponsLiLi~ies associated 
 "With continuing implementation of RE. The 
JefrnL- ns iaiu ileiC ppkicaions to such casks as ,liassifyLng i 'stem
 
customers, components assets
ano srould clarify any ambiguir is between rural
 
electr'ifLcatLon and otner 
 eLectrification activities. 

Rural eiectrificazon is defined as consisting of both the supply of 
electricity to individual small 
towns, villages and 3ubviiiages in rural areas 
(as defined below) and the service of connecting customers in ruralsuch areas. 
The provision of electric supply may be from either the grid or from 
decentralized electricity generation.
 

Rural are-_as for the purposes of electrification shall be defined in
 
accordance with the 
census district categories. A rural area is any area so
 
categorized in the census as rural. Exceptions from conformity 
to the census
 
definition may be made in 
special circumstances as outlined in this 
report.
 

Defining the service of 
rural electrification and the 
areas which shall be
 
classified as 
rural for the purposes of electrification are insufficient 
to
 
d-dfine "rural electrification". 
 It is necessary to further define what
 
constitutes an electrified area, and 
to extend the definition to the existing

electricity systems so 
as to identify rural components of the existing system.
 

The definition of an eieccrification area must incorporate measures 
of both
 
settlements and population or households. A village should not 
be considered
 
electrified when there are non-electrified subvillages which represent a
 
substantial percentage of 
the whole village populatioi-. Nor should a village b4
 
considered electrified when only 
a small portion of the households within the

village (all subvillages/settlemencs) have electric service. 
 A village is
 
defined as electrified when either:
 

I. a certain minimum percentage of the total village population, possibly
 
50%, is in electrified secrlements/subviilages (the ECNEC committee
 
ignores this measure, Ref 167); or
 

2. all of Chu village's settiements/subvillages with populations greater
 
than a certain size are electrified (the ECNEC committee proposes 
200
 
population or 25 houses as 
this minimum size),
 

where a setlement/subvillage is 
defined as electrified when electricity
 
has been made available to all customers and 
a minimum target percentage 
of all possible customers have been connected. The suggested target 
level i.s 70 percent; such high connection levels should be attainable 
through appropriate lifeline tariff and connection financing policies. 
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Dist'inctions between rural and arban customers and system components Must 
be made so thac the various 
cecnnicai, economic and financial distinctions can
 
be made operational. For new customers and extensions of the system, new
 
customers will be classified as rural if they are found in tne areas so 
def ined above. Sim.larly, for new or exisCLng feeders lying toCall', in such
 
rural areas these feeders will be classified as rural. !. ne 
 case if :eeders 
serving n urban and rural Load LC will be necessary co make subfeeoer 
distincci.Ls (and ultimately this may require suofeeder meters). ELE some 
instances it nay prove convenient for administrative purposes co classify some 
existing feeders which serve both rural and nonrural consumers as rural Lf the 
fe,'der load is over'whelmingly rural. 

THE CURRENT SITUATION AND SCOPE FOR EMPROVEMENT (Chapter 2) 

The nature of rural eieccrificacion in Pakistan is changing and RE nas 
become a major part of total WAPDA accivities. The culture of ruraL 
electrification is different from that of urban electrification and it 
requires a different approach and different attitudes. 'While iAPDA has coped 
reasonably well with the RE program to date, it is evident that changes must
 
be made to implement the new accelerated programs and to some of the
overcome 

difficulties encountered on the financial, technical and 
instituctonal
 
components of the program:
 

o WAPDA cannot finance a national rural electrification program from
 
its own resources. National policies on funding and subsidy will
 
have to be developed. RE is basically a social economic program and
 
must be planned in that context.
 

o 	The total RE program assets, recurrent costs, and energy purchased
 
and sold should be separately accounted and annual accounts prepared
 
and published for each AEB and 
as a composite account for WAPDA.
 

o 	Rural tariffs are inadequate and must be 
reviewed; load management 
programs must be implemented (especially for tubewells) and a special 
lifeline tariff (to 
cover all costs) must be developed for low-income
 
customers.
 

o 	Rural load promotion and public relations programs should be
 
implemented to encourage wise 
use of electricity and to eliminate
 
illegal payments and connections.
 

o 	A customer data bank should be developed to integrate with present
 
customer information systems to be used for load 
research,
 
consumption patterns, account validation, etc.
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o 	 A special crash program should be initiated to connect the potential
 
customers in the villages already electnfied. This would improve
the return on investment and reduce ,he illegal payments and 
coaneccions and eventually eliminate the 
backlog of customers
 
awaiting supply (presently this figure 
is in excess of 0.5 million).
 

o 	 The present rural network design (which is based on urban 
discribucion standards) is coo costly for the Load density and 
anticipated revenues in the rural system. A new low-.. ,' reliable 
network nu!,¢ be designed incorporating such aspects as: 

1. 	 greater use of high-tension single-phase lines and 
transformers, and reduced lengths of low-tension networks (with 
three phase converters for 3-phase equipment); 

-i. 	 cheaper poles; and,
 
iii. 	more economically sized conductors, transformers and other 

equipment.
 
Such changes could 
achieve savings up to 30 percent on existing
 
costs, especially in new areas.
 

o 	Chronic material shortages result in increased costs from low 
productivicy and low morale, and must 
be eliminated.
 

o 	Technical manuals outlining 
new dtsigns, materials and standards can
 
be very quickly prepared and should be implemented without delay. 

o 	New improved-area-deiign, costing and selection standards 
can also be 
readily established and the new rural electrification work program 
prepared and implemented by early 1989. 

INSTITUTIONAL PROPOSAL (Chapter 2)
 

In order to implement this approach the Government of Pakistan needs to
 
approve and implement new institutional arrangements, organizational
 
structures, systems and procedures without delay. 
 WAPDA presently acts as the
 
implementing agency for Government on 
the present RE program and it is
 
proposed that WAPDA continue 
to implement the RE program with the 
improved
 
organization structures.
 

A 	new R.ural Electrificacion Office (REO) would be 
established under a new
 
General Manager reporting administratively to the !-Ianaging Director
 
Distribution and also functionally 
to 
the Member Power on policy, strategic
 
plans, financing and 
area selection. The feasibility of using cooperatives
 
and/or private companies in the the
rural program would be considered from 

outset. The REO would be 
small 
in size but very effective and influential and
 
be fully discrete and self-contained on all the accounzing, economic and
 
technical functions. 
 It would work uith and through the total WAPDA
 
organization on other functions. 
 Ongoing construction would be carried 
out in 
the AEBs. A new position of Director of Rural Electrificacion would be 
created in each AEB and an Executive Engineer (XEN) construcioo unic would be 
fully dedicated to the rural program. 
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These proposals for inscicucional change wil ,:omplemenc :1'ie ongoL.g "APDA 
USAID program and indeed will assist in accelerac.ng the ,arIous LinsCituconal 
improvements proposed for the distribution eunction. Loriger-rermIn ne :he 
institutional changes proposed here 
can facilicate tcre possible eventual
 
establishment of a separace National DLstrLbuLun AurnoriCt 4iCt! I numcer f
 
decentralized Discribucron Companies.
 

Pilot programs :oc ruraL cooperaciries and private compalnlet) noILd De
 
underraken. n ,)cher couniries, soch ... ernatives Lead ma ,
tas -avings e
 
construction, operacion and maintenance of elect rical 
 supply -and be';te
connections. C-operacives could be used for ana
distribution possLbL/
 
decentralized generation. Privane companies could be 
 ased for cenerakijn,
 
dLsCribut:on ir borh jointly. The new PREO with
along the F'ederaL and
 
Prouinciai governments review experience In ocher
should the !eveLopiDg 
ounzries and develop ini:ial guideline!;, tiriffs and reguiacions wnicn would 

be tested in the pilot programs. Such guidelines must be des:ined win care 
to avoid the problems encountered in other countries. 

POLICY CHANGES 

A. Backfill Versus Expansion to New Villages (Chapter 3)
 

The future policy of the RE program, reflecting both equity and economic
 
eiriciency criteria, would emphasize intensification (backfill in already
 
electrified villages) as opposed -o primarily extending the system to new
 
villages. This is different from the existing program which provides
 
inadequate resources 
for new connections in villages/sectlemencs already
 
electrified. The characteristics of the policy emphasize backfill
to would
 
include:
 

1. Allocating (at least for the first 3 years, and then reviewed) half
 
the RE budget for backfill.
 

2. The backfill budget policy will emphasize connecting households, 
commerce and industry located 
within the settlement, but not
 
!ubewells because of 
their currently highly subsidized position and
 
the availability of an alcernative energy source. 

3. This policy is to be complemented by the consumer connection policy
 
changes outlined in B below and the village/settlement selection 
policy changes outlined in E below. 
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B. Consumer Connection Policy (Chapter 3)
 

The 	consumer connection policy for 
the future E program balances equity

criteria with minimum financial solvency criteria and would include:
 

I. 	Minimum housenold target connections of 70 percent of the
 
households in all electrified villages/jettlements; this target

will hold for both newly electrified villages/settlements and the
 
increased backfill component of the program (see A above). 
 This
 
target is set to achieve equity goals of connections to all
 
households. This policy should be coordinated with item 4. below
 
in order char, affordabili.ty to low income households is assured.
 

2. Adequate funds and materials (connection cables, meters etc.) 
to be
 
made available co meet the 70 percent targets. This will 
reduce
 
the scarcity of service connections and hence reduce unofficial
 
payments.
 

3. 	Expansion of surveillance activities to monitor connection
 
procedures and minimize unofficial connection payments.
 

4. 	 Introduction of an addition to the RE program of a zero first cost
 
(service connection) option aimed at 
low income households. This
 
program would finance (either through loans or special fixed charge
 
tariffs) both service and.internal wiring and light fixture costs.
 
This policy would be complemented and reinforced with the
 
introduction of a "rural lifeline" tariff category (see C.1
 
below). 
 This option would only be available to customers with
 
current-limited service.
 

5. Requirements chat all new tubewell connections be required to:
 
i. 	 be fitted with capacitors for power factor correction;
 
ii. 	 adopt the reinforcing new tariff category D-LM (see C. 2
 

below) and be 
fitted with the necessary load management and
 
metering equipment;
 

iii. 	oear the full cost of connection (partial finance will be 
an
 
option under the new tariff);
 

6. An immediate crash program of implementing load management on all
 
existing tubewells including the development of a retrofit program
 
to 
accomplish the equivalent of number 5. immediately above, within
 
the next 5 years, i.e. during the 7th Plan period.
 

C. Tariff Policies (Chapter 3)
 

The 	tariff policies should reflect financial, economic and equity criteria
 
and 	must be considered in conjunction with the subsidy policies. The
 
objectives of the tariff policies should include a minimum target of
 
financial solvency for the rural component of the supplier (WA.PDA) via
 
immediate tariff changes. The equity criteria should be reflected in both the 
tariff design for 
low 	income households and the complementary budgetary

transfers from Government co WAPDA. Economic criteria should also be 
reflected in the longer term development of tariff changes. Currently, tariff
 
changes are the subject of:
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i. 	 ongoing WAPDA tariff racionaiization planning projects; and, 

ii. 	 a cariff study financed by the Asian Development Bank.
 

The tariff changes outlined timmediacely below may need to be modified in light
 
of the results of these two ongoing projects. Based on the master plan
 
preparation, cthe fol.lowing changes are needed: 

I.. tntroducion of 
a new housenold tariff and service connection (see item
 
B.4 above) category. This tariff, referred to 	as a "rural Lifeline"
 
tariff 	and service connection option would be aimed at low income
 
households. The cariff and service would be 	 characterized -is foliows: 

i. current-Limir.ed service of up to a maximum of about 0. 2 KW; and 
ii. 	 unmetered nontnly flat rate zarif (to be furtn~er studied) for 

which the montnly charge could be based on a use rate of about 
200 kwn per year. Load research and pilot programs could be 
used to determine the specifics of this tariff. 

iii. The cost of the service connection, internal wiring and basic
 
light fixtures should be covered by a monthly financing program 
in order to increase customer penetration. The initial large 
cost should be eliminated, if necessary, to avoid inhibiting 

connectLons.
 
iv. The purpose of the flat rate and the current limiter is to
 

develop the lowest cost type of connection. so as to minimLize the 
financial and administrative burden on WAPDA while actaining 
high household penetration rates. 

2. Revision of the tubewell cariff structure (as an immediate priority) 
to:
 
i. 	 Complement the new connection and retrofit policy (items B.5 and
 

B..6 above);
 
ii. Eliminate the flat rate option;
 
ili. Introduce a new tariff category D-LM (Load Managed) for the
 

only new tubewell connections to be allowed (see item B.2
 
above), this tariff co cover at a minimum WAPDA's full 
financial costs (recurrent and fixed) and to also apply co all 
future 	 "ret:rofitced" coanections; 

iv. 	 Increase the charges in tariff category D such chat: 
a. 
the energy charges at a minimum cover the full recurrent 

financial cost to WAPDA; and, 
b. 	the capacity charge at a minimum covers tne full capacity
 

financial cost to WAPDA.
 
V. 	 Introduce other changes to complement che changes in connection
 

policies, i.e. B.5 above); this 
could require the provision of a
 
loan, wnich wouid be repaid by an additLonal monthly Loan
 
repayment fee.
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3. Increase all (but the new "lifeline") household tariffs:
 
1. 	 to 
recover a gieater degree of the financial costs of service;

ii. 	 to capture the ability to 
pay among high income households by


implementing an increasing block structure; and,

iii. 	 to ensure with a progressive tariff chat commercial and small
 

industry users will 
not have an incentive to use this tariff
 
category.
 

4. Plan and implement continuing examina ion and revision of rural
 
tariffs. This review would 'e aimed at 
increasing over time, all
 
tariffs (except the rural-lifeline) cowards economic (long run margin,
 
cosc) 
tariffs if consumer capacity to pay is adequate. Such
 
examinacion should consider Che differenC impacts four provinck
on the 


D. Subsidy Policies (Chapter 3)
 

As in the case of tariff policies, subsidy policies will need Co be
consistent with the other ongoing studies. 
 Subsidy policies should extend

beyond the tariff policies, and in conjunction with the tariff policies,

should be aimed at achieving overall financial solvency on 
the rural componer

of WAPDA by providing reasonable financial 
returns on assets. The subsidy

policy 	should have the additional focus of minimizing cross 
subsidization an
must be based on detailed cost accounting so that the cost of rural
 
electrification is clearly discernible on a totally disaggregated basis. 
 The
subsidy polices wfil--need continuing additional analysis-as the rural
 
electrification cost accounting procedures are 
fully implemented. Some
 
changes can be implemented now:
 

I. Initiate rural electrification cost accounting systems to allow
 
detailed estimation of the full financial costs of 
rural
 
electrification, including all capital costs, value of energy supplied

and sold and all recurrent costs. 
 This will enable rural accounts to
 
be prepared for each AEB and a composite account for WAPDA.
 

2. Implement an annual recurrent costs budgetary transfer from Government
 
to WAPDA to cover the identified financial losses 
now incurred from chi
 
rural electrificacion system. 
 This financial principle should be
 
introduced now. 
 Necessary tr:%nsfers to cover the subsidy should
 
decrease as the needed 
tariff policy changes are implemented (items C.
 
and C.3 above). Initially the transfers will be on a national estimat

basis. As the detailed rural system cost accounting systems have been
 
fully developed and implemented by the new headquarters REO and tbe
 
AEBs, the necessary rdcurrent budget 
subsidies should be pinpointed at
 
all levels in the distribution system.
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'. Viilage/Settlemenc Selection Policy (Chapter 4)
 

The village/sectlement selection policies should combine both economic and
 
equity criteria. The approach now proposed is an immediate extension of
 
planning work chat Ls presently being done to some degree ac WAPDA
 
neadquarters and in The AEBs in coordination wich the provincial governments.

The technical and financial aspects of the approach should be 
a regular part
 
of ucilicy management. The suggested economic analysis is similar and
co in
 
some 
aspects simpler than what has been done in the past to examine some
 
internationally financed RE projects in Pakistan.
 

In order to incorporate boLh e(onomic and political inputs to The RE 
Lnvestment priorities for village selection, a two part process in 
recommended. The first part - budget allocatLon - is a set of procedures for 
allocating budgets from the Federal Government to the Provinces and then from 
the Provinces to the districts and/or tehsils. The second part - village
 
ranking and selection withi-i the district 
and/or tehsil budget allocations 
is a planning procedure which rankr village-level investments oaIan area or
 
cluster basis using benefit/cost analysis.
 

The procedure for budgec allocations from the federal to provincial level
 
should be studied to cons aer alternatives to the current one. Some
 
alternatives chat should L_ considered are rural population, numbers of rural
 
villages, or numbers of un-electrified rural villages.
 

The proposed procedure for tia budget allocation from provinces to
 
districts is based the
on rural population and the development potential in
 
e-..h district. The develojaent potential would serve as an indicator of the
 
additional benefits possible from electrification due to the prior existence
 
of other district Infrastructure such as markets, credit, literacy, roads, 
and
 
industry.
 

This step-wise procedure is 
based upon judgements about the administrative
 
and political environmenz and upon availability of dta. Budget allocations
 
and actual village selection should be implemented by the appropriate
 
national, provincial, or local governments, while WAPDA (in the REO or AEB's)

will cc,;duct most of the necessary cost, benefic, demand, and ocher technical
 
computations in cooperation with government agencies.
 

Once the nacional RE budget has been allocaced co the district level, the
 
village selection procedure includes analysis and procedures which consider
 
the relative location of villages/settlements. Technical distribution line
 
extension options should consider the village/settlement location both in
 
relation to the grid and in relation to other villages/settlements. The
 
objective is to maximize 
the net benefits achieved subject to a budget
 
limitation.
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Effectively .the approach maximizes electrical load, measured in economic
 
value, per km of 
feeder. The selection procedure identifies the relevant
 
area distribution line options including village/settlement connections. Su
 
options constitute alternative discrete RE investment projects. 
 The selecti
 
procedure incorporates economic measures 
to rank and select from among these
 
investment options (which may consist of 
the electrification of one, several
 
or a cluster of villages/settlements). The selection is done in order of ch
 
ranking uncl the budget is exhausted. The technical and economic steps tha
 
go into tne approach are straight forward.
 

The village ranking procedures are designed so that an understanding of
 
economics is not necessary at the field level; only tecanical and costing
 
capability is required. The economic aspects are 
covered through parameters

and calculation procedures that have been first laid out 
in the preparation
 
this plan and can be 
updated and revised. Such updating will subsequently b
 
tne responsibility of the new REO. 
 Until these procedures are well
 
established, some villages may be selected using the present methods.
 

The important changes/revisions to policy are:
 

I. Immediate completion of the village/settlement data base to allow
 
application of the area planning village/settlement to go forward in
 
all AEBs.
 

2Implement initial allocation of the. National RE budgets to the-.
 
Provinces and allocation of the Provinces' RE budgets to its district,
 
in accordance with a revised procedure which weighs population and
 
development potential. 
 A study should be-undertaken on initial
 
revision of allocation procedures to Provincial districts for use in
 
subsequent budgets.
 

3: Select (i) unelectrified settlements in villages which have had at
 
least one setciement electrified and (ii) villages/settlements in
 
unelectrifted villages by the revised area planning analysis method
 
detailed in Chapter 4. Investments in villages/settlements (or
 
clusters of villages/settlements) to be selected starting from the
 
highest economic Benefit/Cost (B/C) ratio (even if less than 1) and
 
proceeding in the order of decreasing B/C until the 
area budget is
 
exhausted.
 

F. Technical Designs and Standards (Chapter 5)
 

The policies with respect 'o technical designs and standards and supply
 
alternatives mst reflect 
technical options evaluated in the li,,ht of economi
 
costs and benefits. These policies should achieve 
a goal of finding Pakistan
 
solutions to the problems of RE in Pakistan by drawing as much as possible on
 
the past experience both in Pakistan and other countries which have addressed
 
similar problems.
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WAPDA's exiscing rural distribution network is based on che choice of LL 

kV as the primary voltage, extenslve use of steel latcice structures for 
consctruction of both primary and secondary Lines, three phase transformers 
ranging between 
25 and 200 kVA and separate service cables to eacn customer.
 
An extensive network of low tension discribucion lines is already in 
exiscence. The networks have nign technicai Losses and poor service qualitc' 
and reL/abiLt .,. this is a niin cost nerwork compared co man,; )r. ner ouncrLes 
and a i alcernatcve soLuLion has co be found. 

In thLs connection, the main areas studied include the choice of a nigher 
(33 kV) primacy Jistrlbution voLtage, introduccion of single phase option on 
ail branch lines, selection of conductors ori the basis of economic criceria 
and demand in year L0, reduced length of LT lines, utilizatlon of more 
approximately sized transformers, which can be justified in economic cerms, 
introduction of smaller s.ngle phase transformers, multiple service cables and
 
low cost prestressed concrate Doles. 
 The current movement in these directions 
by WAPDA shouLd be supported. 

Selection of 33 kV as primary voltage will result in overall cost 
reductions in capital investments in transmission, grid stations and 
distribution network expansion in spite of the fact that the 33 kV 
distribution network is more expensive chan 11 kV, but considerable savings
 
are possible in the costs of cransmission, and the reduction of grid station
 
and distribution Losses.
 

The single phase option is economically viable on all branch lines. This
 
option is more economical than the current 3-phase arrangement especially for
 
electrification of individual loads such as tubewells. Replacement of 
3-phase
 
LT 
lines by single phase HT lines (specially 33 kV) in combination with phase
 
converters 
for three phase motors is an attractive solution that results in
 
substantial cost 
savings and should be examined in detail.
 

Smaller single phase transformers can be useful in avoiding waste or
 
transformer installed capacity and reduccion of Losses. MultipLe service
 
connectlon cables offer another cost saving solution. 

The existing steel lattice structures unnecessarily increase the cost of
 
distribution lines. The exlsCng prestressed concrete poles are not the
 
optimum poles for rural distribution expansion. Introduction of low cost pole
 
opcions can result in cost reductions on the order of 35%. Coupled with
 
cheaper conductors used for 33 kV, the overall cost of 
HT distribution Line 
conscruccion can reduced a total of aboutbe by 50%. 

Application of a new cost 
effective approach, ,sing the above outlined 
measures, can result in cost reductions close co 40% of tne total capital 
investment, as may be seen from the application in a sample area in Pakistan. 
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The major cost Yavings (+), as Well cost Lncrease (-) in the sample art 
were as Collows:

o 	Transmission & grid stations 
 + 55%
 
o 	 HT distribution lines 
 + 61%
 
o 	Distribution transformers 
 - 14% 
o 	LT Lines 
 + 28% 
o 	 MuIctpLe service connection cables + 15% 
o 	 Regulators and Cap;,:itors - 87% 

-	 Overall Cost Savings (weighted average) + 38% 

These savings can be brought about by the introduction of 33 'IVthree phase

(main lines) and single phase (branches) HT distribution lines, 5-25 kVA
 
single phase transformers, multiple service cables, low cost 
prestressed
 
concrete structures, 132 kV transmission lines and 132/33 kV grid stations.
 

From these studies it is now possible to przpare preliminary Technical 
Instruction Manuals outlining the new materials and methodology for
 
introduction of the New Approach to Rural Electrification. In order to gai
 
momentum, work on 
preparation of detailed technical specifications, product
 
descriptions, standards, guidelines and procurement documents for the 
new
 
equipment (33 kV, single phase smaller transformers, low cost poles etc.) a
 
materials, must be started immediately.
 

One of the most important conclusions of the study is that WAPDA should
 
immediately stop further procurement of steel lattice structures. The
 
existing WAPDA and private sector prestressed concrete pole manufacturing
 
capacity should be increased on a crash basis 
to meet the total requirement
 
of distribution construction. The existing suppliers of steel lattice
 
structures may either be encouraged to utilize their production capacity fo
 
transmission line towers 
or put up prestressed concrete pole manufacturing
 
plants.
 

Furthermore, there are major opportunities for the private sector in
 
Pakistan for manufacturing of single phase transformers, voltage regulators
 
pnase converters and po::er factor correction equipment.
 

To 	implement and update rhe 
new technical standards and guidelines on a
 
continuea oasis, the capability within WAPDA Distribution must be developed.
 

In 	summary, the policy changes needed include:
 

I. 	Immediate issuance of a set of preliminary technical standards and
 
guidelines 
to the AEBs (based on the work summarized above and detail
 
in Chapter 5 and supporting Appendices) to facilitate the achievemer
 
of cost reductions of 30 percent or more;
 

. £he LncurpoUdtLon of these cechnical guidelines in the area planning, 
costing and selection procedures and also in the work order
 
implemencaCLun procedures foC 'E vi!J.age/setClemeLLt Lnvestcment projec 
preparation anu execution;
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3. The new rural eteccrificacion standards should be implemented Lcn. FY
1988/89 for at lease a part of the GOP financed and the encre donor 
funded rural- electrification program; and 

4. Start of ongoing further studies to develop a final sec of cecnnica. 
design and standards guidelines for rural eLeccrificacion in Pakistan 
chat can be readiLy implemented ac the AEB Division LeveL scarf. 

IMPLERENTATION STRATEGY (Chapter 7) 

The overall strategy outlined is designed co: 

(1) 	Provide a fast-start to the program;
 

(2) 	Ensure the commitment and participation cf the newly appointed
 
managers at an early stage and to familiarize them with the special
 
requirements of rural electrification;
 

(3) 	Have the new organization and advisors in place at an early stage and
 
ensure chat a vigorous initial thrust is provided; and,
 

(4) 	Have the new style RE program fully operational by 1990.
 

When 	aggregated into a total plan, the various proposals made represent

changes in Government policy and WAPDA operations. The realities of the 
present work-load in WAPDA and its capacity to undertake and effectively
 
implement this program must be considered.
 

It is proposed that external assistance will be necessary to help tne 
new
 
R.EO and 
other WAPDA staff, comprised of short-term consultants which could be
 
appointed Immediately to develop and implement preliminary guidelines,

procedures and instruction manuals 
to plan, design, select and construct rural 
projects in the "New" format. The short-term consultants will nelp to set 
the new organization, work with the new managers and help chem 

up 
to prepare


terms of reference for che recruitment of a team of advisors c work with 
tnem 
in hands-on counterpart roles.
 

The program requires an effective implementatLon strategy to ensure 
cnac
 
the short-term priorities are 
addressed, chat issues having a Longer-term

perspective art initiated and that the impetus already gained 
is not Lost in a
 
period of relative Inaction. Arising from the detail of the studies anc
 
analysis outlined in the report it is now evident chat an immediace )rogrdm of 
implementation can be started on
based preliminary manuals which can be
 
quickly provided. 
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LC is pro -sedthat 25%.of the L988-89 budget for rural electrification 
snould be earmarked for implementation under the new procedures. This program
would comprise 750 new villages and Intensification/backfill of at Least 750 
already electrified villages. Additionally ic is considered that all projects
proposed for funding by the international development agencies would be 
planned and designed using only the new procedures. There are four main 
stages iln e Lmplemencation process: 

.W(Lri:: as 
procedures and guidelines to approximately 25 percent of the Governmenr 
financed (and L'Q0 percent of the externally financed) 1989 RE budget. 

A. 	The 'ork out lined above anu in Section 6.3 co apply tce new 

B. 	 The installation of new organization structures and the appointment and 
induction of --he managers. 

C. The initial stages of the design and implementation of new systems and 
procedures including staff communication and training programs. 

D. The consolijdaion oE ie new organizatLon and na_ systems into the 
ongoing work in the distribution function. 

It is proposed that stages A-C can be started immediately and completed by
 
the end of March 1989. The detailed program for this is outlined in Chapter

7. Stage D would be planned for implementation in the period April 1989 to
 
December 1990 and a detailed implementation plan for this.-phase will be
 
prepared by the new REO manager in 
the period January 1989 to March 1989.
 

14
 



Chapter I
 

Incroduction and The Definicion of Rural Electrificacion
 

1.1 Introduction
 

This report presents a Revised Master Plan for Rural Electrificacion (RE)
 
in Pakistan. It was pr2pared in accordance with an agreement between the
 
Goverrmenc of Pakistan (GOP) and the United States Agency for International
 
Development (USAID).
 

In dccordance with che agreement between GOP and USAID, thls plan focuses
 
on the strategic aspects of rural electrification development in Pakistan. The
 
plan starts wich definitions that are necessary co discinguish rural
 
electrification from ocher electrification activicies ana then address the
 
various institutional, financial, socioeconomic and technical issues 
relevant
 
co rural electrification. The overall thrust of the plan is strategic in that
 
it emphasizes approaches and crite ria co 
be used in making choices, as well as
 
changes and reforms that will facilitate more effective and efficient RE
 
program development. .ictuai implementacion of rural eleccrificacion expansion
 
will require additional detailed planning employing the approaches and
 
criteria presented in Lhis report.
 

Like other components of the power sector, expansion of the rural systems
 
requires planning and monitoring on a continual basis. In this strategically
 
focused rural electrification master plan, decision criteria and planning
 
approaches are presented, the parameters to be used in the planning approaches
 
are estimated, and che initial applications of the criteria and approaches 
are
 
made. In addition, this plan proposes a revised institutional framework that
 
will facilitate:
 

1. actual rural electrification investment and project implementation; and,
 

2. the necessary continuing planning process.
 

It is anticipated that planning for rural electrificacion expansion will now
 
become a distinct and important ongoing element of power sector planning in
 
Pakistan. In order to 
succeed, the planning process will have to make
 
extensive use of the approaches and criteria presented in chis plan for
 
Implementation decisions. The criteria, approaches and 
planning parameters
 
estimated by the team which prepared chis initial strategic plan will also be
 
periodically refined and revised as part of the ongoing planning efrort.
 

The ongoing planning of rural eleccrification requires a clear definition
 
of the activities which distcinguish Lt from other power sector accivices.
 
These definitions are presented in the following sections of this Chapter.
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I.2 Purpose of Definitions
 

There are two definitions which need to be made explicit as part of the
 
rural electrification revised master plan:
 

i. the definition of rural areas (for the purposes of rural
 
electrification); and,
 

2. the definition of rural electrification itself.
 

Related to the second of these definitions is the additional issue of:
 

3. how to determine when a rural area, village or subvillage is
 
electrified.
 

These definitions should be used by WAPDA, the Government of Pakistan, the
 
Provincial Governments and other agencies and institutions for various
 
identification purposes. The definitions should be used to define areas in
 
which the electrical supply and service shall be known as "rural
 

electrification". These definitions help to clarify the distinction between
 
the provision of electricity supply and service to rural and urban areas and
 
customers.
 

The definitions should be utilized to identify distinct administrative,
 
area and functional responsibilities associated with continuing implementation
 
of rural electrification in Pakistan. The definitions, and their applications
 
to such tasks as classifying system customers, components and assets (see
 
below) should clarify any ambiguities between rural electrification and other
 
electrification activities. Criteria used in constructing the definitions
 
included that:
 

i. 	 the definitions should be in concurrence (if possible) with existing
 
administrative definitions in use in Pakistan; and,
 

Ii. 	 the definitions (and tneir applications) should facilitate better
 
administrative, technical and financial management of ongoing rural
 

electrification activities.
 

These criteria are considered more relevant to "he situation in Pakistan than
 

criteria incorporating voltage, load density or other technical
 
characteristics.
 

1.3 Definition (for the purposes of identification) of Rural Electrification
 

Rural electrification shall consist of buth the supply of electricity to
 

individual small towns, villages and subvillages in rural areas (as defined
 
below) and the service of connecting customers in such rural areas. The
 
provision of electric supply may be either from the grid or based on
 
decentralized electricity generation.
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1.4 Definition (for purposes of identification) of Rural Areas for the purpose
 
of electrification.
 

The definitions shall be derived from a combination of public
 
administration and geographic/demographic units rather than power system
 
distribution units such as a feeder area. In addition, the definitions should
 
be utilized to classify feeders and other components of the supply system as
 
outlined below. The starting point should be the current administrative
 
derinitions of urban versus rural areas which will then be integrated into the
 
geographic/demographic units measuring population.
 

The national census classifies all areas into two categories: urban and
 
rural. Since the census is the official source of population figures, ic
 
should also be the primary basis in the definition of rural areas for the
 
purpose of electrification:
 

Rural areas for the purposes of electrification shall be defined in
 
accordance with the census district wise categories. A rural area is any
 
area so categorized in the census as rural. Exceptions from conformity to
 
the census definition may be made in special circumstances as outlined
 
below.
 

District council area categories do not always coincide with census area
 
categories partially due to the dynamic of population growth and settlement
 
developments. Within a district, an area is classified (by the district
 
council) as urban if it is administered by a municipal council. Areas
 
administered by the union councils are considered rural. In general, there
 
,will be equivalence between urban and rural as defined by census and by the
 
district councils. Hence, the equivalence of district council and census 
categories suggests that: for the purposes of rural electrification all areas
 
covered by a union council are considered rural. There is, however, a middle 
ground wnich consists of areas covered by town councils. Most district 
council defined town council areas will fall in tne census' urban category. 
In some instances, if these town council areas are only recently defined or if 
the towns are small and relatively isolated it may -be appropriate to make an 
exception from the census based definition and define some such town council
 
areas as rural for the purposes of rural electrification.
 

1.5 Extensions and Applications of the Definitions
 

Defining the service of rural electrification and the areas which shall be
 
classified as rural for the purposes of electrification is not sufficient. It
 
is necessary to further define what constitutes an area being electrified and
 
to apply the definitions to classifying the existing electricity systems so as
 
to identify which romponents of the existing system should be considered part
 
of tne rural ystei.
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When is a rural area electrified? The basic units establishing whether an
 
area classified as rural according to the above definition is considered
 
electrified must also incorporate measures of 
both settlements and population
 
or households. A village shou*d not be considered electrified when there 
are
 
suOvilLages which are not elecccified and these non-electrified subvillages
 
represents a significant portion of the village population. 
 Nor should a
 
village be considered electrified when only a small portion of the households
 
within the whole village (all subvillages/settlements) have electric service.
 
For cne purposes of incorporating both the settlement and the
 
population/household characteristics, it is suggested that for a village to be
 
considered electrified one of the following must hold:
 

L. a certain minimum percentage of the total village population, possibly
 
50%, is in electrified settLements/subviliages (the ECNEC committee*
 
ignores this measure); or
 

2. all of the village's settlements/subvillages with populations greater
 
than a certain size are electrified (the ECNEC committee proposes 200
 
population or 25 houses as this minimum size).
 

(where a settiement/subviilage is defined as electrified when
 
electricity has been made available to all customers and 
a minimum
 
target percentage of all possible customers 
have been connected. The
 
suggested target level is 70 percent; 
such high connection levels
 
should be attainable through appropriate lifeline tariff and
 
connection financing policies.)
 

How to classify customers and the system assets? Distinctions between
 
rural and urban customers and system components must be made so that the
 
various technical, economic and financial distinctions, discussed elsewhere in
 
this report, can be made operational. For new customers and extensions of the
 
system, new customers w-ill be classified as rural if they are found in the
 
areas so defined. Similarly for new or existing feeders lying toLally within
 
such rural areas these feeders will be ciass-fied .curai. In the case of
 
feeders serving both urban and rural load it will be necessary to make
 
subfeeder distinctions (and ultimately tnis may require subfeeder meters). In
 
some Lnstances, it may prove convenient for administrative purposes to
 
classify some existing feeders which serve both rural and non-rural consumers
 
as rural if the feeder load is overwhelmingly rural.
 

* Committee Constituted by ECNEC to Evaluate the Implementation of Rural
 
Electrification Program (minutes of meeting 11-2-88, reference 167)
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1.6 Sumary
 

The definition of an electri ication area mus: incorporate measures )r
 
both settlements and population or housenoids. A village snou. ,,c :e
 
considered electrifitd wnen there are non-elecLi:IeC iuovil.ages 4niZ-n
 
represent a substantial percentage oL, tne whnole village popu.at:on. :,or 
snoul a i v:lage ")e ,.onsidered electrified w'nen Dni; i snal- ori n 3: 

nousenoldo irin :, iage dAii ubviilage ,,set'L.emenus; cove .:= CZ 
service. A vliage Ls defined as electrifies wnen eitner: 

I. a certain 'nininum percencage )f cne zoral "llage .uiamon, ,os.ibi 
50,., s Ln electrified set'tlements,subvilages; r 

2. all of tne viIlage's sec:Iementsisubviliages wicn popuiatlons greater
 
tnan a ceri- si ari eiectrriea,
 

nere a e s deftnec as eiecwrii:e, vnen 
e.ectrici; nas ae available ali :aacn to customers z talum 
target percentage ,)r all possible customers have been ,onnectec. he
 
suggested target ievel is 710 percent; sucn nign connection levels
 
snould be attainabie througn appropriate lifeLine marff anc connection
 
rinancing policies. 

Distnc,Lons Detween rural ana urban customers ana system :omponents must
 
be made so cnam cne various technical, economic and financili distcinctions can 
be made operational. For new customers and extensions of :ne system, new 
customers ".1iil be classi: led as rural Lt;ne' are found Ln tne areas so
 
defined loove. for or 1i-ng
Similarly, new existing feeders sucnsomaii;.n 
-urai areas mnes feeiers wil oe classified -As rural. Ln zne -ase of feeders 
serving oomn ur~an ano rural boaa Ct will be necessary to na.e suoreeder 
dist.inctions lana uu1,imamely Lais mFlV require subfeeaer meters). "n some 
Lns:ances it nav prove convenient or administrative purposes :.ocassify! some 
exista:rg :eeuers hicn serve both rural. ano nonrurai consumers is rural if t-e
 
reeder Load is overwnelmingly rural.
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Chapter 2
 

Institutional Issues
 

2.1 Introduc:ion ana mhe Current Institutional Structure
 

in Pakistan, Rural gl-,-rification is a Federal Government
 
responsibil.it,. Provision of resources
financial for capital expansion (only)
 
comes from tne aevelopmenc budget witn additional financing from various
 
international agenc-es. Provincial Governments nave nistoricaly played an
 
important role in the seLection of villages for eieczrificarion. :n addition, 
in tne case of :he Punjao, cnere was previously also a co-rinancing program 
under wnicn villages could finance cneir connection anc tne Provinc-al
 
Government ouid La rnis This program issnare cost. no Longer active. 

4APDA is tne executing agency for rural electrificacion, I: :s responsible
botcn for tne construc:,Lon of system ex-ansion and continuing operation ana 
maintenance. (The current executing stricture is 
discussed further Ln section
 
2.2-3 below). urb'n ina
in Pakiscan, most rural electrification is done as an 
expansion trom te gric, ::tougn there are isolated systems operated bysome 

A.PDA. In adicion tnere are 
some small systems built and operared by other
 
entities.
 

In the course of ;APDA's development, the rural load and rural customers
 
nave played a small part 
in Lhe overall system and little or no separate
 
institutional structures nave been set up 
to deal with rural electrification 
other tnan material procurement and some limited planning. Rural 
electrification is nandle as ofpart the overall distribution functions botn
 
at 
headquarters and in the AEBs. However, a rural electrification unit was
 
organizea to provide special arrangements for particular projects f:nanced by
 
external agencies. The overall philosophy and approach to rural
 
electrification Ls predominantly urban distribution 
based and a specific

directed approach to tne special requirements for rural eiectrifica:ion has
 
not been aeve-lopea.
 

The role of rural electrification in the overall system is cnanging
 
dramatically. As objectives of former PrIme Minister's program of
tne the 

bringing eiectricity to all the people tne consumers will
are met, rural 

number in tne 
many millions and will outnumber urban consumers. Yet tne load
 
chiaracteristics of tese rural consumers are 
different rom Cose or urban
 
consumers, and toe tecnnical and administrative options toat can be cost
 
effectively used to serve these consumers differ from t.nose of u1ran
 
consumers. 
 These differences between rural elecrifmcation and he urban 
aspects of 4ne system nave been recognized by senior management )t .;APDA as 
nas been tne need :o provide an organizational structure responsive to these 
differences. Section 2.3 below outiines iucn an structureinstitutional 
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tar '.APDA. Implicit in tnis proposed organizational change is a continuity of
 
primary responsibility by WAPDA for executing 
the Government's rural
 
electrification program.
 

2.2 Major issues
 

Unaer tne existing arrangements WAPDA has made 
significant progress in
 
achieving national targets 
of rural electrification. The knowledge and
 
experience gained to-date vill 
be 	most 
valuable in planning and implementing
 
an accelerated RE program 
to achieve targets such as those suggested by the
 
former Prime >Linister's program.
 

In 	otter to cope with this 
increased work-load and to further improve
 
performance, new institutional arrangements will be 
required and some major

institutional, financial, 
economic and technical issues will have 
to 	be
 
addressed. 
 These issues and problems to be 
addressed are outlined immediately

below and in some instances tentative solutions 
are proposed. Many of these
 
points are examined in the later chapters of this 
report. Among the major
 
issues and problems are:
 

o 	 WAPDA cannot finance a national rural electrification program.from its
 
own internal resources.
 

o 	 Present tariffs are inadequate to cover recurrent costs and do 
not
 
adequateiy reflect 
tne nature of tne various loads being supplied.
 

o 	 Load management programs 
are required for rural loads, particularly
 
tubewells, and this 
snouid include peak-use limitations and improved.
 
power factors.
 

o 	 Rural customers should be separately classified by type 
of load, usage
 
etc. and a customer data bank developed which can be used for load
 
researzn, consumption patterns and revenue validation and collection.
 

aRural zapical assets and rural operating costs should 
be separatelv
 
ailocatec. Rural feecers and ioacs 
snouii be separately metered and
 
energy' costs allocated.
 

o 	 Separate annual accounts 
for rural electrification should 
be prepared
 
for each AEB and a composite account 
for .APDA; these accounts should
 
be outlined :n tne 
 xAPDA annual report and annual statistical update.
 

o 	 Rural load promotion snoulc De developed and a 
customer communications
 
program ,niriatea using TV, radio, newspapers, flyers, etc. to promote

wise use Df electr-c :.', to 
improve revenue collection, eliminate
 

e-eal cayments etc.
 

2-2
 



o 	A special crash program should be startea 
o connect pocentiai
 
customers in villages already electrified. This would greatly improve

the return on existing investment, reduce back-log of connections
 
currently exceeding 0.5 million and 
recuce illegal connections and
 
illegal payments.
 

o 	A special Life-line tariff for Low- ncome c-uscomers snoud oe 
implemented using currenc-limiters and based on a standing cnarge co
 
cover consumption, connection fee and house wiring.
 

o 	The present capital cost of the rural necwork .s nign reLative to load 
densicy and anticipated revenue. This network design is Dased on
 
standard urban distribution network design and is not encireiy suitable 
for a rural distribution network.
 

o 	 A new low-capital. Low-maintenance cost rural electriication network
 
will nave to be aesigned wicn greater use of 33 KV and LI K1
 
single-pnase lines, 
small single-pnase transformers, reduced lengrns of
 
LT necworks, cheaper poles, standardized conductor sizes, 
use or
 
insulated conductor etc.
 

o 
Tecnnicai manuals outlining the new design, materials, cunstruccion
 
methods, etc. should be prepared and 
a crash training program initiated.
 

o 	Material shortages are a cause of excessive delays, increased costs,
 
low productivity and 
low staff morale. A special program to eliminate
 
chese snortages snouid be developed.
 

o 
New transformer protection arrangements will have to be ceveloped to
 
reduce excessive transformer burn out rate.
 

o 	There will be improved opportunities for local manufacturers to
 
participate La the new rural electrification program on pole

manufacture, single-phase transformers, power factor capacitors, phase
 
convertors for using 3-phase 
motors on single-pnase supply, current
 
limiters etc.
 

o 	Rural eleccrification is basically a social 
program and must be planned

within a framework of national and provincial development plans and
 
policies including the necessary financing and 
funding arrangements.
 

o 	WAPDA presently acts as the implementing agency for cne Government's
 
national program and 
snould prepare and implement plans ,n accordance 
with criteria agreed upon by Government), develop projec:s, locument 
all tne procedures and information systems to ensure erreccive 
implementation and regulation of the activity.
 

WAPDA would ieed co improvt the present organizacionai i rangemencs 
to
 
manage and impiement 
tne RE program both at the neadquar:ers level and 
at the AEB levei 

2-3
 

V\
 



o 	Rural electrification has a separate 
zulture from urban electrification
 
and requires different approaches and attitudes.
 

o 	There should be a new approach to RE and :ne experience Ln otner
 
countries both developed and developing shouic be examinee to establish
 
the best solutions for RE in Pakistan.
 

o 	The experience of other countries the of
on use cooperatives and
 
private generation and distribution companies should be examined 
as
 
these options may be relevant in some areas in Pakistan.
 

All of 
these issues, problems, initial proposa's and recommendations
 
represent a step-change in existing attitudes, outlook and practice. The new
 
institutional arrangements that are necessary, togetner with the urgent need
 
to develop standards and new systems and procedures make it likely external
 
expert assistance will be required at the outset.
 

2.3 Institutional Structures for Future Execution of Rural Electrification
 

2.3.1 Organizational Alternatives
 

Other countries have acknowledged the important distinctions between rural
 
electrification programs and those for the urban and industrial components of
 
tne power system. These countries have employed a range of organizational
 
approaches to deal with rural electrification. Among these organizational
 
alternatives are:
 

i. A National Rural Electrification Authority;
 

2. 	A Department within a Government Ministry;
 

3. 	A Special Department within a Power Utility;
 

4. 	 A Sub-Department of the Distribution Department of the Power Utility;
 

5. 	Rural Cooperatives; and,
 

o. 	Combinations of the above.
 

2.3.2 Organizational Requirements and Functions
 

Worldwide experience nas 
shown that while the form of the organizations
 
and of the institutional arrangements may vary 
cnere are three primary
 
requirements of the necessary institutional structures:
 

o 	The RE organization must be clearly funccionaly separacea from the
 
otner activities in tne power utility;
 

o 	The RE organization must be a strong organization, discrete and self
 
contained; and,
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o 	The cecnnical and financiai systems ano procedures must be designed
 
specifically for tne requirements of RE.
 

The RE organization woula nave ra orcK witnin i framework of nacionai
 
Dolicies and strategic plans for RE 4ittn agreec national criteria for
 
axpansion of 
tne rural system an .ear tnancing policxes and procedures. 
The nitlai framework )f sucn xpans-on criteria ano cne financlng policies 
Ira outlinec Lfn subsequenr cnapters f nis report.) The main functEons to be 
Lmplemented by !-e RE ,rganizacLon would Lnclude: 

i. 	 Policy Formuiation anci Cncral Planning; 

ii. 	Project Planning, Standaras and Controls (Standard Operating
 
Procedures);
 

iii. 	 Finance - Financlai Planning, 3udgets, Cost Control, Returns on
 
Investments etc.
 

iv. 	Load Promotion, Commercial Matters, Customer Load Researcn and
 
Forecasts;
 

v. 	Design, Standards, Costs, implementation and Construction;
 

vi. 	Maintenance and Operation Policies and Procedures; and,
 

vii. 	General Services.
 

2.3.3 An RE OrganizacLon in tne Context of Power Sector Development
 

The appropriate RE organizational structure in Pakistan must be considered
 
in the context of the existing and evolving organizations in the power
 
sector. 
The current WAPDA distributlon organizacion is undergoing
 
strengtnening. In the longer term, :ne development of the power sector could
 
entail naving a separate Nacionai Distribution Aiucnorizy acting as :ne
 
national central regulatory ano controi agency wich separate area electricity
 
boards naving complete autonomy for all distribution and customer functions in
 
their area.
 

Presently Distribution in WAPDA is experiencing serious problems coping
 
with the total Distribution work load which includes RE activities; the
 
WAPDA-USAID project 
is aimed 'r.improving overall performance of distribution
 
functions in WAPDA, both at headquarters and the AEBs. This i7provemenc
 
includes tne development of new organizational arrangements witn ranctional
 
units for:
 

i. 	Planning;
 

Li. 	Administration;
 

iil. 	Purchasing;
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iv. Management Serviztes;
 

v. Finance!;
 

vi. Custo, et Services; and,
 

vii. Area Operations (the AEBs).
 

Rural electrification in WAPDA is currently carried out within the above
 
listed headquarters and AEB ;,tructures. 
 There is some technical direction and
 
support from the Head office 
-
using mainly the normal distribution urban
 
standcrds and procedures- but the main work of construction, operation,

maintenance and development and intensification (back-fill service
 
connections) is implemented by 
the AEBs. These RE activities are done through

the Division/Circle organizations. 
 After selection of villages for
 
electrification (with directions 
from tne Provincial Governments), at this AEB
 
level, there is no differentiation (other than selection and funding) between
 
RE construction operation and maintenance and Urban Distribution activities.
 

Limited project planning is done at headquarters, but again within the
 
existing urban systems and procedures; 
and in any event a major influence on
 
the distribution network development is 
provincial decisions to electrify

specified villages. Within these organizational constraints, local- pressures,

lack of 
finance, chronic shortage of materials and lack of central policy and
 
direction the AEB/Circle organizations have performed reasonably well to
 
date. Improvement is needed and organizational changes are required to ensure
 
continued improvement ana to develop the necessary changes in systems,

approach and attitudes which are specific 
to Rural Electrification. But such
 
an organizationai change responsive 
to the distinct needs of RE should 
be
 
compatible with the institutional changes and strengthening programs underway

assisted by the WAPDA-USAJD project and also must 
be compatible with the
 
possible loager-term autonomy for separate local distribution entities under a
 
central regulatory control agetcy. 
 Such an organizational change is outlined
 
immeciately below.
 

..4 A New Organizational Structure for RE
 

It is now considered necessary to 
create a new separate organizational
 
unit to provide the needed 
RE specific central direction and support. This
 
unit would be 
located in WAPDA as a part of the Distribution function thus
 
integrating with 
the possible long-term development of a separate Distribution
 
Autnority and also with 
te ongoing Distribution improvement program assisted
 
:y USAID.
 

The new central ini: ;oulae ticled tnf Rural 
 lectiLfication J3fIce
 
REO0 dnz would be 
 neadec ,"a 'eneral Manager reporting functionall. to the 
ae-r ?ower and aaminis: izivelv to Managing Director Districution. The 

-epor:cng arrangement co :tember Power would be concerned witn: 
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* poi.icy development;
 

o village selection procedures; 

* strategic plans; and
 

o -:nancing functions.
 

When the unic is fuily operational and effective the necessity for tnls
 

arrangement of reporting 
to Member Power can be reviewed. The GM REO would
 
also report to and work with tne MD Distribution on the other functions of:
 

I. RE technical standards and procedures;
 

2. RE commercial, Load 
researcn and forecasting and customer-related
 
functions;
 

3. Construction plans and implementation including decentralized
 
generation; and
 

4. RE maintenance and operation standards.
 

This central unit would develop the policies and plans, manage the
 
finance, develop new/unique standards practice and procedures for RE in
 
Pakistan (especially for construction), implement separate cost accounting
 
arrangements and customer/load research and forecasts. (The need for new and
 
distinct technical standards are shown in Chapter 5 below). The new R
 
headquarters unit would be 
a small but very influentiai organization and would
 
prepare the various instruction manuals (technical, administrative and
 
financial) for implementation by the AEB/Circle organization. Management
 
information systems would be installed to 
provide feed-back on data and
 
performance.
 

As done in other countries such as the Philippines, it snouid be
 
considered that the responsibility for decentralized generation be placed in
 
tne Distribution Wing under the new REO. This arrangement would likei7
 
facilitate the implementation of attractive decentralized generation.
 
However, this arrangement would also require coordination witn the Power Wing,
 
and the advantages and disadvantages of whether the REO develops its own
 
generation planning expertise or utilizes cnat of the Power Wing needs study.
 
Furthermore, the scope of RE decentralized generation must be defined in terms
 
of scale, service area and eventual role vis-a-vis tne zentral grid.
 

In placing RE decentralized generation (DG) in the Distrinution Wing, 
a
 
procedure for budgetary lilocations to cover its cost must be evolved. For
 
economically attractive DG options (as 
discussed in Chapter 4), a transfer
 
from the generation budget to tne distributcion budget will be necessary in
 
order to not inhiDit DG use.
 

Lt is envisaged tnat tnere would be 
five small unics in tne central
 
organization reporting 
to tne GM REO, each headed by a Manager at the DG/CE
 
level responsiole for the following functions:
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1. 	 Policy aevelopment, Long-term plans, work progra.s and project
preparation including coordination with provincial governments on 
village selection; 

2. Procurement, disbursement and management of finance, accounting,
 
budgeting, annual accounts;
 

3. 	RE 
networks engineering standard designs, materials and construction,
 
and standard operation procedures; and,
 

4. 	Customer service, load promotion, load research, 
load forecasts, 
statistics, customer data base. 

5. 	RE aecentralized generation.
 

In 	eacn AEB a new position of Director Rural Electrification (reporting

Chairman AEB) would be created; 	

tc
 
this would be a small unit whose maini
 

functions would be to provide:
 

i. 	The local representation for tne 
central REO functions at AEB/Circle
 
level;
 

ii. 
On-tfe ground liaison support, direction, control and feedback on all
 
REO functions; and
 

iii. Liaison and and negotiations with Provincial Governments on village

selection which would be in accordance with the specified criteria.
 

While it is envisaged that the construction (and also the maintenance and

operation) of the RE networks would be 
carried out by the Circle/Division

organization, it would be desirable to provide 
a fully dedicated construction
 
unit t the RE pr4gram in each AEB circle having 
a rural construction
 
program. ..nis RE construction unit would 
be 	especially trained on tne 
new
designs, .,terials and construction methods 
for the new-type RE network to be 
deveioped. .:dreas where decentralized generation is utilized eiectrilyco 

villages, :ne AEB would have an SE to 
oversee such operations.
 

Tie new ,eadquarters RE organizacion structure 
and the position of the

aaditconal Director RE in the AEB structure are shown in the context of the
 
jrganizatL1nai diagrams in Figures 2-1 and 2-2.
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2.5 Implementation of the Lnstitutioual Proposals
 

The current burden on the WA.PDA Distribution ,)ranizatL1)i 1 I ns derahle 
and growing, the tasks associated with rapid expa:Is in o the rurai: networ,<

Increase this burdeu ImmenseLy. At cne same Ci:ne Di~sC DUC t1 
i l-3 e." 
strengthening program lead Ltuough Lapruvementsin nmocei io : L e11 

AEBs. To this cnange and strengtnening must :iow be idded tnu nmIns a.- jt
rural electrification and the necessary changes in organization strictures,
 
systems and procedures 
 outlned above. 10'd1e tnese Inst ut I al -nanges, m.ne 
initial years of the work f the ,-.urol lectri~iciti- ,)r, I2.- wi be 
critical. In this initial period many inportanc polic.' steps nusm be :aKen 
(e.g. setting new/alternative technical standards and eqipment, beginning a
 
monitoring and rural load research program).
 

A-s tn the cise of ocher institutionaL strengtnenng -avIiner -
Distribui,)n, ic is likely that the new WAPDA rural electrification unit will
 
need assistance auring the initiai critical 
 transitional development period.

Such assistance can serve a catalytic role assisting the change 
 and serving as 
a technology transfer agent (software, kinwledge and approaches as well as 
hardware). For this, external expatriate assistance will be necessary from 
the start and should be maintained until thc_ new systems are establisned.
This assistance could be a combination of full and part time advisors. The 
institutions in 
other countries charged with rural electrification have
 
effectively used advisors 
for development activities and subsequently as
 
needed. 
For example, the Provincial Electricity Authority in Thailand (PEA),

which Is widely regarded as an effective organizatcion retains expatriate
 
advisors on a part--time basis and consultants as
uses required. Lt is 
envisaged that during the Initial period, a team of two ,-9three Eull-time 
advisors would be required and that this team could also provide short-term 
consultants 
for special studies as required. For this assistance, the 

twinning" arrangement used in some developing countries for simlar projects 
may be relevant.
 

As ,OP and WAPDA move to implement t e new organizatin arraigements that 
are required, assistance would sought help develop andbe to implement tne new 
arrangements. This assistance would be likely to rec-ive support from otter 
donor agencies.
 

The objective of 
such assistance should be to develop an "indigenous 
capacity" in Pakistan (WAPDA) to better manage the rural electrification
 
activities 
- technical, financial and administrative - and to reduce
 
dependence on external consultants doing "one-off" studies with very Limited
 
technology transfer on project-by-project basis. 
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2.5.1 An Opportunity for Accelerated Institutional Improvement
 

WAPDA, with the assistance of USAID and others is implementing a broad
 
program of inatitucional improvement touching all aspects 
of the distribution
 
functions botn at headquarters and at the AEB (initial focus 
on selected
 
AEBs). An expanded RE expansion program offers a unique opportunity to
 
accelerate the implementation of 
new and improved approaches and procedures.
 
The introduction of improved institutional arrangements often requires
 
parallel efforts of introducing the new approaches and procedures in 
some
 
parts of the organization while things proceed in parallel under 
the
 
former/current procedures elsewhere in 
the organization. Then gradually the
 
new approaches and procedures are implemented in ever growing percentages of
 
the organlization. Much of this approach is embedded 
in the approved
 
instizutional 
improvement plan that WAPDA is implementing with USAID-PTAT
 
assistance. Currently tle initial phase of improvement 
is reaching to
 
selected AEbs. An RE expansion program offers an opportunity for
 
complementary ant1 perhaps accelerated institutional 
improvement.
 

It is often easier tro put in plece improved planning, implementation and
 
ongoing operations procedures when 'starting new"; many RE expansion areas
 
will have sucn totally new characteristics. For 
some if not many of these new 
areas it may prove feasible not just to implement the new planning approaches
 
outlined in this master 
plan report but also move to immediate implementations
 
of operational changes covering many other distribution functions - meter
 
reading, billing ongclng maintenance etc. Initially special teams perhaps
 
consistLing of AEB staff augmented by Headquarters ana consultant inputs could
 
implement the new RE areas 
from planning through initial operations and
 
members ot tnese 
teams could be used to disburse this experience and know-how
 
both elsewnere in thu particular AEB and to other AEBs.
 

2.o Use of Cooperatives and Private Companies 

Rural eLectrification is very much a social program; the fiscal dimensions 
of this are xamined in the next chapter of this plan. However it is useful 
to note tar Lht social nature of rural electrification is another of the 
charact=/rrsncs (along with the technical and other differences) which make 
rural tletCrifnuiatioln "distinct" from urban electrificaclon. It can have a 
separate culture because the involvement of the community in the social 
service may be essentLal. in many countries tLhis is done by organizing local 
committees to carry out pre-canvass in their villages and again maximize local
 
acceptances Lo improve cost/revenue returns and move their village higher up 
on the pecking order for selection to be electrified. 
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2.6.1 Rural Cooperatives
 

From such Local community involvement, it is but a snort step to a Rural
 
Cooperative where toe village or community says 
they will cake group supply

from 
 the power autnocty ana provide their own distribution and collect money 
from 'ndivLdual consumers to DaV toe power autoorZ'iv (Or pay for their own
 
dieset) and to iet aside on
tunds -o pa' operating and maintenance charges 

their own netcw. . In some countrLes, tne cooperatives are engaged I toe
 
construction of imail. nydro plants. In 
 a :ew countries toe cooperative
 
structure "s we.l developed with cooperatives encompassing multiple
 
communities and ouci :r not aii or tne rural. elecrrificatL:on s~'s:ems. 

The use )f cooperatives for RE can Lead to significant improvements in toe 
costs 1'i construction, maintenance and Joperation and also ".n toe coLiection oz 
revenue. .he realization of these Ibenef'its in countries s'cn is tne 
Philippines ano Bangladesh have been less :nan wnat 'as ornignalli envisagec, 
out there 'is sufficient experience available trom such countrits to 'indicate 
that 	 tne use of cooperatives In Pakistan under certain con ti ons could be 
desirable. One or the first tasks of the new REO organization, worktng with
 
representatives 
 of toe Federal and ProvincLai Governments, woulD ne: 

L. 	 co establish the arrangements and conditlons under wnocn cooperatives 
couli be used in PaKistan; and, 

II. 	 to implement pilot projects to valiiace toe arrangements. 

The new WAPDA REO along w-in rep)erntatives of toe Federal and 
Provinciai Governments would review studies and evaiuations of cooperative 
experience L2n other countries ano arrange to vts'it tnose countries. These 
visits would be to examine first nand the arrangements used and to analyze 
causes for successes and failures, and tnen to design systems appropriate to 
Pakistan, wnicn would eliminate toe major oiff'icuItIes encountered elsewnere. 

o.2 	Prtvate Comoanies 

In various situations in many countries, in addtcion to .solated systems
operated by government or government utilities, small private rural power 
systems evolve in response to a need with or witnout government assistance. 
In many countries such systems predated the expansion of toe grid. Such
 
separately operated (private or government) systems snould con=(hue to be an 
option especially in areas remote from the grtd -s toese are 'iKeii to be more 
economic than if operated by WAPDA. 

Thus in addition to using cooperatives, cons deritin wil' also be given 
to the use of private companies in rural eieetrct'cutio!. 5u:n companies can 
be used for: 

i. 	 Provision of the generation only, servLng cooperitives who distribute 

only, and/or providing decentra lized generation "or toe ,4APDA 
operated rural distribu:ion systems; 
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ii. 	 Provision of self-contained supply facilities including generation
 
and distribution in remote areas; and,
 

iii. 	Provision of distribution facilities and services (taking bulk supply
 
from the grid) to supply groups of contiguous customers.
 

Each 	of these undertakings would be required to be licensed by the
 
regulatory authorities and the terms, durations, conditions, and tariffs (or

subsidies) permissible clearly specified. As outlined above, one of the
 
priority tasks of the new REO organization will be to develop policies, plans

and procedures on 
the scope of the involvement and participation of
 
cooperatives and private companies in RE. 
The assistance of external advisors
 
will be sought in this task.
 

Future evolution of 
the institutions involved in rural electrification
 
could include both cooperatives and private involvement (possibly with
 
government financial and technical assistance). Such evolution will be
 
compatible with the institutional changes outlined above, but any role for
 
cooperative or private systems would have to 
come 	under a central regulatory

and financing authority. This authority can be located 
as outlined in the
 
discussions above on the various options and in the longer-term this would be
 
the function of the National Distribution Authority.
 

2.7 	 Summary
 

The Government of Pakistan needs to 
approve and implement new
 
instittftional arrangements, organizational structures, systems and 
procedures

without delay. 
 WAPDA presently acts as the implementing agency for Government
 
on 
the present RE program and it is proposed that WAPDA continue to implement

the R.E program with the improved organization structures.
 

A new Rural Electrification Office 
(REO) would be established under a new
 
General Manager reporting administratively to the Managing Director
 
Distribution and also functionally to the Member Power on policy, strategic

plans, financing and area selection. The feasibility of using cooperatives

and/or private companies in the rural prograa would be considered from the
 
outset. The REO would 
be small in size but very effective and influential and
 
be fully discrete and self-contained on all the accounting, economic and
 
technical functions. It would work with and cnrough the total WA.PDA
 
organization 
on other functions. Ongoing construction would be carried out in
 
the AEBs. A new position of Director of Rural Electrificatioal would be
 
created in each AEB and an Executive Engineer 'EN) construction unit would be
 
fully 	dedicated to the rural program.
 

These proposals for institutional change will complement 
tne ongoing WAPDA
 
USAID program and 
indeed will assist in accelerating the various institutional
 
improvements proposed for the distribution function. In the longer-term the
 
institutional changes proposed here 
can facilitate the possible eventual
 
establisnment of 
a separate National Distribution Authority with a number of
 
decentralized Distribution Companies.
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Pilot programs toc rural :ooperarives and private companies snould be
 
undertaxken. In ,c.ner countries, sucn alternatives has 
lead to savings in the 
construcrion, operI.)n And naLIncenarice of eIectrical supply ana better 
conneccions. Y..oDerves *:uio:O De iseu Zor discribuLIun and possLbi, 
deec,;i~ v m -e ,Lout. ,sed Zar 4ener clOri.opanies 

PrcvtLic>a Dv! :we: :s 'Co I I re' I w -:Ie ex e r ierce n )tjier .eveiapi 
COUrEit:r I ,i ev. 3 Li.ItL:.2ai Iri -.es, tarLrrs aiac i t ons ;nLcn wouid 
De teste i i pk.t .:r:-it-s . uch gi,1i.ei.nes zusL De iesLP, nea 4ictn care 
to aVoL.. mae o'u!ii ercautere La Jtrier counitreS. 
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Chapter 3
 

Benefits, Costs and Revenues:
 
Implicati.ons of Current Policies and Needed Changes
 

3.1 Introduction and A Perspective on 3enefits, Costs 
and Revenues
 

In Pakistan, as in most developing countries and many industrial
 
countries, rural elecr.rif cation is a program 
 aimed at socio-economic 
development. Rural eIecrrification investments 
are usually not financially

viable (financial revenues coverng all fiLancial recurrent and reolacement 
costs) 
at tne scar:. An -.L "naun. cases RE investment can never become viable 
unless capital grants are provicec at tne outset. However, such -,nvestments
 
may be viable based on broacer economic )r socio-economic, criteria. :a
 
Pakistan, tne Government's objeccives relevant 
to rural eiectrificatLtn
 
investment ,and operations) Lnciuae more Ltan financial and economic
 
efficiency but also incuce equi:y and 
rural development. An important par:

of the rural electrification planning process must be to examine 
 rura! 
eiectrification investment (and operations) policies in Light 
of tnese 
objectives- financial, 
economic and socio-economic to 
ensure that, resources
 
are used effectively. This examination starts 
in this Chapter of the master
 
pJ.an and inferences regarding policy changes needed are outlined. 

In Pakistan, and other countries, whether revenue 
from rural
 
electrification projects can recover tne operating costs and all or part of 
the capital costs is a function of not just the costs. The degree of cost
 
recovery also depends on the tariffs and collection efficiency as well as tne 
consumers capability zo pay tnese tariffs. 
 in this chapter estimates of rural
 
elecrification revenues compared,are for classes of consumers, with botn 
capital and recurrent costs and policy inferences are made. If a rural 
electrification investment is financially viable it is reasonable to expect
the power utliLty to make the investment. However, no power utlity zan 
carry, on a continuing basis, the cost of investments which are not 
financlail viable. Thus in many countries, Pakistan .ncluded, most rural 
electrification investments are usually capitai grant-funded by Governments.
 
In Lhe case of such grant funding, if rural revenues still fall 
snort of
 
remaining financial costs, 
either tariffs must change or annual operations

subsidies must be provided, assuming these projects are viable on economic or 
socio-economic bases and 
are executed in a cost effective fashion. In this
 
chapter various implications (such as the implicit subsidies) under current
 
policies are examined for classes of consumers and villages, and inferences
 
are made regarding needed policy changes. 

3.1.1 Polices Examined in This Chapter
 

Analysis of the benefits, costs and revenues provides a basis for
 
examining 
the many different Lnterrelated policy components that constitute
 
the overall rural electrification policy. 
The analysis of benefits, costs and
 
revenues presented here builds on the analysis of some of the institutional, 
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technical, financial and 
economic issues presented in the previous chapter;
 
and also integrates some information from the detailed analysis of 
other
 
chapters. The analysis of 
benefits, costs and revenues 
along with other
 
information discussed, supports inferences regarding the following policy
 
components:
 

I. policies regarding intensification (backfill 
in existing villages)
 
versus extending the system to 
new villages/settlements
 

2. consumer connection policy;
 

3. tariff (and subsidies) policy;
 

4. village/settlement selection policy;
 

5. technical 
standards and supply alternatives; and,
 

o. monitoring and planning support policy. 

The process of 
analysis supporting inferences regarding these policies 
is
 
one of first looking at the benefits, costs and revenues in the context of
 
both the 
supplier (WA.PDA) and its representative electricity users. The rural
 
user categories examined 
include tubewell customers, households, industrial
 
and commercial consumers. 
 The analysis also 
examines the benefits, costs and
 
revenues accounted on the overall village/settlement basis 
in which the
 
villages/settlements consists of illustrative combinations 
of different
 
classes of customers.
 

The analysis is done (and presented) in both financial and economic 
terms
 
and the inferences regarding policy draw on 
both the financial and economic
 
conclusions of the analysis. Summary results 
of the analysis are presented

below, 
but first it is useful to present some perspectives on benefits, costs
 
and revenues and the interrelated nature 
of the policy components.
 

3.i.2 The Interrelated Nature of Technical, Tariff and Connection Policies
 

i-mplizaions of different aspects of
1,ie rural electrification policy are 
very interrelated 
and should be considered, to 
the extent feasible, in an 
integrated systems fashion. Obviously, financial viability is dependent on
 
tne costs and the tariff policies 
as well as other factors, but costs are in
 
turn dependent on questions of tecnnical standards 
and equipment. Electricity
 
use (demand) 
and hence both revenues 
and benefits are a function or
 
avaiabilty of electricity and 
the total electricity price. Availability of
 
eLectricity is a function of both consumer 
connection and village/settlement
 
selecti'jn poicies ana 
rne total price incurred by :ne :onsumer is also 
~.:eenunt n :ne consumer connection policies. 
 Otner Linkages between
 

sancarcs, tariffs ana connection pulicies can be cited. 
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The terms of reference (TOR) for the 
master plan study cited the various
 
policy iss,,es to be covered by 
the plan in a series of items (see.Appendix K)

but the wording of 
these TOR items did not reflect the interrelated nature of

the policy issues. However, the master 
plan team has attempted to capture the

interrelated _spects 
or tecnnical standards, tarlffs and connection poiicies
in the case anai.sLs opproach being used to examine the policies and to
 
suggest cnanges. ;aid lence mucn of tne reporting on tnese poLj.cv issues,
 
particularly tnat covered in 
 tnis cnapter of the strategic maszer plan,

discusses particular poLicLes in the broader context of tne cnaracceristcics of 
other policies. 

3.1.3 Benefits inc Costs in the Context of The Former Fro.me >!inister's 
Pro gram 

The former Prime pini.;eros
orogram for rural eiectrzffcatin na set a
goal of electrrfvtng ninety percent of 
tne census vilages. :he bucgetarv

requirements )r is unciertaking 
are large. Recent estimates 'ere Rs 17,300

millon (Ref 
27 anc 72). However, these estimates did not include zne :act

t:hat most villages nave several settlements; and for the rural population to
have access to electrLcit,, these settlements need 
eiectrLficatfon. The number
 
,f settlements, estimated 
to be many more than 100,000, is mucn Larger than
 
the number of census villages, numbered 
at some 46,000. The definitions of

rural eLecrrificatzon presented 
in Chapter L above suggests tnat it is
 
necessary t.o icnuce tnese 
 settlements.
 

Meeting a ninety percent target 
based on sattlements will require a budget

of staggering si.ze. At current, or 
even significantly increased levels of

expenditures, meeting 
sucn targets will 
take quite a number of years., If all
 
tne target 'were acnievable in a few years 
tne planning of the time pattern of

expenditure would not :e so 
important as the difference between 
 w
well planned

program and a not so well planned program is only the relative -ime pattern of 
a few years and the potential costs of such ineffi.ciencies are not :nen too

large. But in a program that 
will take some years, as must be the case if 
ninety percent of the settlements are to be electrified tnen a weil planned
program is critical. Electrifying villages in some relationsnip to nignest

benefits/lowest costs 
means that capital will be effectvei ottliced from the
 
start; failure to do so 
can mean that capitcl is wasted for ,'ears. 
 And in an
 
enivironment or scarce resources, which Pakistan is facing, capital must be
 
used effectively. Hence, as discussed below, knowing tnat -osts anc benefits 
are crucial, tnese costs 
and benefits should be tne basis 
for a well planned
 
pro- ram.
 

3.1.4 Knowing :ne Costs and Benefits of 
A Rural ElecrificatLon Investment
 

A well managed utility 
should know the implications of tne financial
 
costs and revenues associated with any investmrnt, and -using these financial
 
costs and revenues analyze the investment's financial vibity. 7his should

be done for all investments, for investments in the rurai :omponents of the 
system or investments elsewhere in 
the system.
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In WAPDA, such analysis is routinely done for major invescments such as
 
generation and transmission expansion and to a lesser extent 
is used as part

of the preparatory analysis for distribution rehabilitation investments being
 
undertaken through USA.ID financing. Such cost 
and revenue analysis, even in
 
its simplest form, has not been generally undertaken for ongoing rural system
 
investments except as an adjunct to special preparatory work for some
 
externally financed project. 
 Such analysis must become routinely part of
 
rural electrification planning and preparation 
as it is part of standard good
 
utiiity management practice. The introduction of such analysis as part of
 
rural electrification planning is consistent witn evolving Government policy
 
as articulated 	 in the new Plan which includes moving WAPDA to more commercial
 
standards of operation. Furthermore, the new work order system developed by
 
PTAT for distribution work includes the estimation of the economic internal
 
rate of return.
 

Techniques :o perform the needed, technical, financial 
cost and revenue
 
analysis can be made simple and straightforward, and introduced at tne field
 
level with some minimal amount of training. Field staff already deal with the
 
technical and cosLs matters, and will readily understand the concepts of the
 
revenues associated with costs. The necessary analysis can be done in the
 
field (WAPDA/AEBs) based on simple procedure manuals developed by 
the new
 
Rural Electrification Office 
(REO) described above in Chapter 2. Indicative
 
examples of such analysis are shown in this strategic master plan for rural
 
electrification in Chapter 4.
 

Financial cost 	ari revenue analyses, alone are not 
insufficient to judge
 
rural electrification investments and policies since, as indicated above, the
 
criteria for examining rural electrification investments and policies must
 
incduce broader economic and socio-economic criteria. Utilizing such criteria
 
it snould be possible to place all rural electrification investments in one of
 
three categories:
 

Category I: 	 Projects which are financially viable on their own (there
 
will be very few in Pakistan) and which the utility could
 
(and should) finance on its own;
 

Category 2: 	 Projects which are economically but not financially viable;
 
Government should finance 
tne most viable on economic
 
efficiency grounds; and,
 

Category 3: 	 Projects wnicn are not even economically viable; Government
 
may fini-nce some of these based on equity or other social
 
criteria.
 

The analysis necessary to categorize rural electrification investments as
 
outltned inmcatei.' above goes beyond simple financial analysis anc requires
 
economz and socio-economic expertise. Sucn expertise will in tne future be
 
founC in tne new ;.2DA neaaQuarters E(j. >t will be this unit's 
responsibillty, building from tne work done in developing tris plan co: 
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i. 	 organize and supervise necessary load 
research, monitoring and
 
evaluation studies to 
allow revised estimates of planning parameters;
 
and,
 

ii. 	 prepare and periodically revise detail planning
 
procedures/instructions 
for the AEBs to use in the RE investment
 
analysis.
 

The initial application of the economic and socio-economic approaches to
 
estimate the necessary planning parameters and develop the planning procedures
 
was undertaken as part of ctce preparation of this strategic master plan.

These approaches and applicacion procedures are presented in this report and
 
its appendices. Also an 
initial outline of the necessary furtner studies,
 
ongoing load research, monitoring and evaluation is Presented in Chapter 6 of
 
tnis reporr.
 

The initiation report for this master plan (Ref 
30) discusses :ne major

differences between economic and financial 
analysis. In brief, cne financial
 
analysis uses market place prices faced 
by customers and che utility. These
 
financial prices include taxes and duties, 
and reflect those effects chat
 
restrict prices such as regulatory policies and limited competition. On the
 
other hand, economic analysis attempts to examine the benefits -nd costs from
"society's" point of 
view where the goal is the optimal or most efficient use
 
of the country's resources. 
 A major aspect of economic analysis is the
 
adjustment of project financial costs by using what 
are called "shadow prices"
 
or conversion factors. For example, costs are adjusted to 
eliminate :axes and
 
duties because from an economic viewpoint taxes are not a cost to society
 
overall but are only transfers of money from one 
to another part of society.
 
This case is particularly relevant 
to the cost if RE equipment.
 

The analysis in this study is based on the approach that, 
for government
 
policy making, decisions should be made on the basis of economic analysis 
not
 
financial analysis, whereas financial analysis is 
relevant to understanding
 
the behavior and needs of 
the utility and customers. In addition, recognizing
 
that government policy must 
also 	consider broader issues than just economics,

socio-economlc analysis provides a means to incorporate social and ioliticalgoals in chis quantitative analysis. One approach to socio-economic analysis 
uses 	 what are called "social weights" to give more or less value to different
 
benefits and costs. Even when socio-economic analysis is used to justify a
 
project, tne 
economic analysis is needed to understand the benefits and costs
 
of the project to the country.
 

3.2 	 RE Revenues and Elecricic,' Sup ly Costs
 

The RE 
revenues considered from the utility's perspective are both the
 
tariff revenues and the connection charges the customer pays to the utility.

From the Zustomers perspective there are payments to the utility, co a
 
contractor 
for wiring and there maybe additional "unofficial" charges paid but
 
not received by the utility.
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3.2.1 Electricity Supply Costs
 

There are different components of the 
costs of providing electricity to

rural consumers; 
these costs are presented in 
some detail in Chapter 5 below

and 
in supporting Appendices. For the purposes of 
this discussion, it is
 
useful to distinguish between costs 
in the following categories:
 

1. Generation and Transmission (G&T) Costs 
 - these are the costs of
 
electricity (capacity and energy) entering 
the rural system;
 

2. Rural Electrification Distribution Cost 
- these costs 
cover bringing

electricity from the 
transmission network to 
the customer connection
 
and consist of two parts:
 

a. Area Distribution which will range 
from some additional
 
transmission for 
rural areas al*ne, some grid substat:ons, but
 
mainly the 11 kv and 
33 kv lines to villages.
 

b. Village/Settlement Distribution which covers 
low and high
 
tension lines and transformers within the 
village.
 

3. Customer Connection Costs 
- these costs cover service drops, meters,

and, when done by the utility, customer 
internal wiring and end use
 
equipment such 
as lights for households etc.
 

4. Customer Internal Costs 
- these costs cover 
the wiring in the
 
customers' premises and end 
use equipment (generally paid by the
 
customer).
 

The litter three cost categories cover 
the RE system. For each of 
these cost
 
categories, as discussed below, there 
are (i) capit~al or capacity costs and

(ii) recurrent 
costs covering operatiuLg; maintenance, fuel and other annual 
or
 
variable costs.
 

The cost estimation for 
tnis rural electrification study has 
been dealt

with in a number of ways depending on the 
level of analysis. This section and

supporting Appendices 
B and J present an overview of the approacnes' and the
results. 
 Dne of the most important distiuctions is between the technical and
economic analyses. The 
technical work presented in Chapter 5 is based on

detcilec studies of the 
current prices of items, 
the bill of materials needed,

and the costs of installation. 
 The economic analyses uce more aggregate cost

factors such as average costs per kw of village distribution or per type of 
customer service connection. The aggregate costs in the economic analyses are
coordinated with the results of the technical analyses and sensitivity
analysis is performed to incorporate the results of the technical work. Such
 
sens tivit analysis is also necessary to cover changes in costs which arise
Decause the tconomic and technical analyses were performed simultaneously and some economic work nad to be performed before ail technical analyses were 
completed.
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T'he cost analyses incorporated in the economic analyses consider a number
 

of 	view points:
 

1. Load factors are very low in rural areas; and since electricity supply
 
is very capital equipment intensive, the total supply cost is very
 
dependent on load factors. Load factors are 
interdependent 'witn 
utilization levels and peak coincidence between different customer 
types, villages/settlements, feeders, districts, and 
urban-rural 
loads. Rural load factors vary from 10 to 30 percent, whereas the 
overall national load factor is about 60 percent. Capital related 
charges (costs) for both the RE and G&T parts of the suppiy system form 
the majority of otal costs. 
 RE capital cnarges are about 50 to o7
 

percent of total. RE costs. The G&T capital cnarges 
form a similar ana 
sometimes nigher percentage of total G&T costs. The cost analysis 
explicitly captures the sensitivity of total costs to Load factors by
using capital 1 apaciy) and recurrent (energy) cnarges ana not average 
totaj costs. 

2. 	 RE costs are viewed from an area perspective such that tne expansion 
process of RE is the implementation of a repeating pattern of 
distribution and some transmission. Therefore, the costs are estimated
 
based on models of an illustrative unit of RE which could either be a
 
400 sq km area served by a 132/1I kv grid substation or a 2500 sq 1n
 
area served by a 132/33 kv grid substation. Because of the very large
 
economies of scale of ttansmission, the evaluation of expansion of the
 
RE system is mostly a function of load spatial density rather than
 
distance from the existi'g grid.
 

3. Both economic and financial costs are examined. For the RE costs, the
 
major differences are the duties and taxes in the financial costs, 
since there is no shadow premium for foreign exchange and the shadow
 
price for unskilled labor is close to the financial one. 
 As a result,
 
RE economic costs are estimated to be 70 percent of financial costs.
 
The other major difference is the choice of discount rate: (i) for
 
financial analysis - i5% and (ii) for economic analysis - 10%'. For 
ger.eration and transmission (G&T) from the central grid, che economic 
costs are based on expansion planning analysis and cne fEnancial costs
 
are based on historical costs. As presented below, economic G&T costs
 
are much higher than financial costs.
 

4. Two sets of overall costs for RE distribution are considered: (i) 
current costs based on present day technical and system specifications
 
and (ii) possible low-cost ones based on new alterative
 
specifications. The Low cost options are based on 
tne analysis 
presented in Chapter 5. 

3.2.2 Summary of Electricity Supply Costs 

Table 3.4-5 presented below indicates the unit supply costs for an
 
illustrative main village/settlement. The underlying bases for many of these
 
costs are presented in Appendices B and J.
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Generation, Transmission and RE Costs
 

An approximate breakdim 
of costs between generation and transmission
 
(G&T) and R.E, 
 and between capacity and recurrent costs is as follows:
 

Financial Analysis
 

Totals Total Capacity Recurrent
 
(Rs/kwn) (% of total cost)
 

Generation &
 
Transmission 
 0.61. 32 = 19 13
 

Rural Electrification 1.31 68 = 51 
 17
 

Total 
 1.92 100 - 70 30 

conomic Analysis
 

Totals Total Capacity Recurrent 
(Rs/kwh) (% of total cost) 

Generation & 
Transmission 2.09 75 53 22
 

Rural Electrification 0.69 25 
 17 8
 

Total 
 2.78 100 70 30
 

The economic costs of power generation and transmission are much higher
 
than financial costs. This problem is 
being addressed by the current plan to

work towards long-run marginal cost 
(LKC) pricing of electricity. Economic
 
G&T costs 
are much larger than the RE distribution costs. 
 The high G&T costs
 
are a function of the low load factor of 
rural demands such that rural G&T
 
costs are more than double average system G&T costs. Furthermore, Pakistan's
 
LRMC G&T costs are 
high partially because marginal power generation in the
 
future is based on imported oil and coal 
and high cost hydro. This cost of
 
G&T togetner with 
the low rural load factors is one of the major reasons why
RE ,s difficult to justify econ-micallv. One of the otner major reasons, and 
one wnic: can be addressed in s~bsequent pnases of RE work, is cne low 
esc:mates of RE beiiefits. This is partially due to the incomplete information
 
base; more information will likely lead to 
nigher benefit estimations.
 

The economic cost/kwh of G&T is estimated to var-; from 1.8 to 4.2 Rs as
 
:ne load factor dec.ines from 30 to 10 percent. At tne national cystem load
 
.actor of about 64 percent, 
the G&T cost is about 1.2 Rslkwn. These resul~s
 
indicate the sensitivity of 
total costs to load factor, and this is due to the
 
nigh estimated capital intensity of power production. The economic costs
 
estimated by tne study team, as explained 
in Append:: B, are capital costs of 
30,001) Rs,kw-demanded and recurrent costs of about ).o Rs/kwn-delivered.

.ol1ow-on RE planning work must 
refine these cost estimates. in the economic
 
analysis presented below, the sensitivity of the results to economic G&T costs
 
wnich are less capital intensive (such as capital costs of 20,000
 
Rs/kw-demanded and recurrent costs of 0.75 Rs/kwh) 
are considered.
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Financial and economic costs of G&T 
can differ for several reasons. One
 
is the differences in the underlying costs of capitai, fuel and ocher inputs
between what are considered financial and econom.iQ prices. Anotner Is a
 
difference in rhe perspective of the analysis. 
 Economic analysis, when
 
correctly done, is ror,ard looking in tbat It examines the cost if meeting
Future demands or electricity. On the other :iand, the approaches for
 
,inancaL .in3.i.',- vary; wicn some being tor'-ard looking (as -n the economic
 
anai','st--: -t ast . nnclal prices) adli others being 
 oasea on historicai 
costs "or .srt,- ' :r:<,nalysis based on hiisorlcaL costs generaly Lead to 
lower ,-oss rhan inalsis based on rucure cost s future costs 1re nigher due 
to the erreczs or inl-ation, Lncreasing average casts Kdesplte economies of
 
scale, sgner cost nvdro or :uels are needed), and increasing cemana. Some or 
tnese ac&'ounE L:or .he iarge differences between 41nancia: inc economic _-osts 
of G&' iOC1T tzd I,{o've. 

iAs fx:3a .c ni ,D:endt X :3,e t 1:1,1 ,osJs are ousec n .rAdDA Power 

Scatlttcs .e: - -icn are basec an nlistrlal costs. economtc 0ecosts
 
are oasec maD,,B 
 power system planning exercise Ref L,5)
wnicn oes * :;),nstc. : .inning over a 20 year horizoun. The 'conc:rz :oscs are, 
thererore, nasec *ai :r'war-iookIng Costs w'nereas crle nancaii ones . n
 
,historical{ casts.
 

:ot.±must t-e tact :ne G&T costs used in :ne plan are very approximate
 
estimates. ":orircatei', recent estimates (especiall' of the long-run

margina" cot, are nor available, and such work is beyond one scope of this
 
plan. -he ana.sis n t.is plan Must be re-examined wnen new cost escmaces
 
are Oevelooe sucn as :V toe pending ADB tart:: study. 1.r appears m.iat troe

general 2iuc presenred .n rni s ohapter ire ,or ra.ner robust<st)ns in that 

.otnev, U'1 ae ,ev sarenr estt:iares o0rc7 costs. 

3reakcow-n or :E jss 

The :re- Klown. of RE costs based )n rheir net present value oifboth capti:al
anc :s s ver a 20 v&iFear pertod (see Apend:tx; for an illustrai:ve new 
vage, ::oenr. is as follows: 

Pe r cenr 

of :ocal 

Area DistrIbuton 
 40 co 55
 
Village/Settlement Distribution 21" to 30
 
Customer Connection "0 mo 35 ' 

Tnis breaedon s i runc- on of a number conditons. 7: theFor example 
area ,*ist.rbu-.on casi :.r i 'v,1age are ,epeaOt motho cscancer, t'e Zrom 
otneV 1i1.ages sac[r"o( mae grii. Boto t ar.i inha 1i'Lagsettlement 
distr buttor relative costs Jvar',' 1i Cne , Censt: -ir mae ol3ecm:ication. 
tne more spartali: ;ense nto i set:.eoer.,, 1j' toeracLower, eo 

one area cost. 
 Furthermore, toe nigner te penetrati1orn rates ind ne Jenser 
the vtllage, oe Lower toe sertIment dtsrrbumian cost. .he -ustomec 

3-9
 

http:ist.rbu-.on
http:econom.iQ


connection costs snare 
will increase significantly as penetration rates
increase and/or as 
tubewell connections increase. 
 The above cost breakdown
 
indicaces a particularly large share for 
customer connection because these
 
percentages are based 
on a nigh level of customer penetration. If only the

capital costs for tne first year were examined, the connection costs would be 
a much smaller percentage and 
(under existing customer connection policies)

the distrrbur:on costs 
a higner percentage.
 

3.3 Economic 3enefrts anc Costs Considered 

Financial :iabilt;' zs not the oni criterion relevant to examining rural 
eiectriflcazl)r 
 polizces and investments. In fact while the financial

viability _s verx relevant :rom tne utility (WAPDA) perspective, other broader

criteria zust = Lncornorazeo. Foilowing the ideas outlined in the Master
 
Plan init:at.on enort R.-
 :ne otner criteria to be considered are: 

econcc-"""-aniI as inaicated by an appropriate comparison between
 
econonac Deneft:s an- costs Isucn as the benefit ro cost ratio); 

socia :ene iz cosL criteria, through which tne projects inputs and/or
outputs are adjustec ta reflect impacts on village and regional income
dlstrinuttons. 

3. complemencary; investment 
criteria (rural electrification as a
 
complement to otner 
rural development investments); and
 

4. other criteria sucn. as environmental and administrative concerns. 

3.3.1 The Use of Economic V'abilitv and Other Criteria 

The Master Plan in~tation Report (Ref 30) suggests that economic
 
viability criteria snouic re central to rural electrtfication planning; and
 
economic criteria play a cencrai role cn tnis plan.
 

T.e c:_r :r:eria ire a-so "ncarporaced tn the development of cnis plan.
 
-ne -Cu'tv cr:terlon :s cn;tocucec in mulle ways:
 

t. quc-' a~moi, ':co- e groups is consiaerec b,. quaiitatlve consideration 
or social'eignrs as dlscussec DeLow; 

ii. lncorporatLDn or targets :or nousenola connections in electrified 
v-llages ann cons ierat:on of new connectioni Linancing mechanisms; and 

iii. regitna_ equ:'.' :s onsjerec n.tne suggested alortricsni orIudgetaror allocatin net'ween provinces and within provinces. 

The cc -ment rv investment criterion is c.nsije re Ln onvl a :uai tatlve
 
fasnlon u to Imror-maton constraints nlgniLghtec beoiw. Houwever, 
 it is
 
suggestec .nanter -. : tnetnat complementary zr,:e eon, as measured Oy
ceveaopmenr tent-al, De 1:,c,orporated in tne algorithm for aiocating RE
investment nu gets among aStricts wirnin a province. Environmental criteria 
are not considered anc administrative criteria are implicitly incorporated

into tne design of tne planning process so as to have procedures that are
 
practical and replicable (for future extension and revision by the new WAPDA 
REO and the AEBs).
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The incorporation of cnese broader criceria starts by building from the
 
financial analysis. 
 This is the procedure done in the preparation of this
 
plan and with modlf ,cationsirevisIons it 
 should be followed by the AEB units

implementing RE planning with guidance from che new WAYPDA REO. From the

perspective of evaluating rural 
 electrircauin .nvescmencs, tnere are at

Least three disrnct uifferences between :m.icuoL 
viuntLy and economic
 
viability cri-eria. "hese Are;
 

1. ne use )' economic prices
.. rirnec :nan financial prices;
 

2. the :ncorporat-n ,irec: s,A. bene r :n parricular consumer surplus; 
and 

3. the Lncor-jor..Dn )r ,ndirect enefits (such as tnose resulting from 
localc.,, - 2t ;to'ect "nOu:s). 

3.3. I 5 'Ln:Inec 'ersus 2 omILeMencar: Lavestment Benefi-s 

How cne beniefis are defined 
ana estimateo depends upon wnetner Dne views

rural electrifLcation as a complemencar.., rural development investment asor
self-containqe dlrectlvy 

a 
producrve investment. Lnfot'unar.eiv, RE has at:riburces 

of botn. I'he anai.isis of RE as a self-'contained productive project is limited
 
to 
the direct And indirect benefits and costs accrued, but without explicit
"internalization" or compiementary inputs or other forward and backward 
linkages. This nas been the traditional approach to evaluating RE. Economic 
justification for purely complementary projects is, however, very difficult to
 
cnaracrerize witnout extensive ex-posc evaluation of complementary investment
 
projecrs. Often, 
 in the absence of sucn extensive evaluatlons, the approacn

is co simply Attribute 
 some fraction of future development benefits to the RE

,Art of 
 the package or rural development investments. It is frequent'v 
assumedtnat .RE investments are "necessary" for cevelopment and are executed 
without spe :rc economic justification. Because of inrormation limitations
 
(see below), -e approacn that is used nere is :o 'irsc estimate the benefits 
of RE viewed is A self contained investment, anLu ce.n include judgements of as 
many or trie Denerits of the complementary investmer asuect triaC mignt De 
justiZaole t'and measurable).
 

As detailed in the Appendices, the economic benefit estimates explici.l

incorporate economic prices and 
include 
consumer surplus estimates. The
limitations, primarily due 
to information constraints, wnich need to be
 
pointed out here (and are discussed further in Chapter 
6 and in Appendix C),
 
are as follows:
 

*If the economic prices used 
are not just judgemental estimates, and 
are used
 
for all input.s and outputs, then these price estimates can reflect such
 
indirect benefits as local manufacture. However, even if the economic prices
 
are correct there can be indirect benefits whicn are not quantifiable or take 
considerable -ime to materralize. 
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3.4 

i. 
 Prior RE studies used inconsistent and/or incorrect estimates of
 
rural kerosene 
use and hence resulted in serious overestimates of
 
some 
RE benefits (kerosene substitution); this has limited the
 
availability of 
consistent information for the 
new estimates used
 
herein;
 

ii. in Pakistan, 
no ex-post detailed impact studies are available
 
comparing electrified and non 
electrified villages/settlemencs and
 
consumer groups, and 
hence no information is available on 
which to
 
base quantitative estimates of 
indirect benefits; and,
 

tii. 
 little detailed intersectoral integrated rural development analysis

has been conducted (a-priori or ex-post) and hence 
no information on
 
which to 
base quantitative estimates of complementary investment
 
benefits is available.
 

Despite these constraints, considerable effort was 
made at parameter

estimation fir the economic benefit/cost analysis, which proved useful in
examining policy and investment options. Some of the 
results and inferences
of this analysis are presented in 
the following subsectons. Because of the
data limitations, the exact 
figure presented should be viewed as 

indicative of actual values; nevertheless, the general conclusions 

only
 

are quite
sound. More importantly, the data used in this type of analyses should be
viewed as the 
outcome of on-going examination of the effects of RE. In all of

the cases 
the summary economic and financial analysis results are presented in

the tables shown below. In each of the 
tables referred 
to in the economic

discussion below, the electric system costs 
are in economic prices, the

economic benefits presented are 
based only on estimates of direct benefits

including consumer surplus. 
 Qualitative discussion of other indirect and
complementary investment benefits 
are made in the comments and inferences as
 are comments on 
the implications of using social-economic weights to 
reflect

equity objectives. 
The figures for economic costs and benefits are presented
 
on a per kwh basis.
 

Economic and Financial Analysis and inferences for Policy
 

For illustrative consumers 
and existing tariff policies, in the financial

analysis it is important to compare the 
costs borne by the supplier (WAPDA)

wicn revenues and also tLe costs and financial savings/benefics to tne
 
consumer. Then it is necessary 
to extend this examination to look at economic

benefits and costs 
from society's perspective. 
 From tnese examinations and

comparisons and similar 
ones made looking at villages as a whole, it is
possible to draw inferences regarding existing policies. 
 It should be noted
 
tnat the illustrative costs presented below attempt 
to portray most common
situations for different customer 
types. Obviously, cnere 
are many exceptions

due to regional, provincial or other differences. 
 in some cases, sensitivity

analysis s performed to examine the implications of different situations. If

exceptions are significant, they will need 
to be examined as part of the
 
continual process of 
policy change and modification.
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In the following discussion, one U' costs presented in te cables, unless 
ocherwise noted, are based on current technical practice. However, based on 
the case analysis sumarized in Chapter 5, the implications of possible
significanc RE cost reductions are discussed, Ln the following text.
 
Financial costs and revenues are examinea 
 irsc and Lalerences are made. :he 
examination i- i:,en '-idened to tnclude economic Dene .s ina costs inc
 
addiciona- L.nter:ences ire mace.
 

Gr'oss ee:LCs, as presencea beiow, are measures .,, r::e total "ili:-gness 
to pay bY cusuomer_, -jr :.e secrrrcr:vservice trow mne criity. :r snoulo :e 
nocea t raie lirect gro ss eneLits est!imates mace "n nis st:ucv n nost 
cases uncerestimame oenefims Rz.tne actual Uom The iemonstrarlon Dr 
substantial RE benefirs requires extensive informar-Lon collection anc anai',;sls 
on an ongoing oasis. Sucn n ormacion .s, unoortunately not yem vila le.n 
Pakistan; and as oiscussed Zn Chapter -, z"ii ne focus ofa :he
 
,,mplemenataton o, mae REDThin. Another factor to =.re "rnaae
cecrng

onderesc-.alZ,)n ba: -s ..e stormcaii7 'nwcnow iec
LtS -= 	 mcrm."7t car::
itkeDv nices :,Ie act taim customers 'are 4il-ng to pay mucn nigner amouns
 

7,
o: elec rlci . As a resui:, tne foiilowing economic ano financiaI inalyses 
are cLonservamive steit: nenefits esrimatcons. Since tne major tr,st or 
this DLan "i e rati.cnai.izamion of p ana this underesmimamioncrie process is 
p robaDLy true r.or nearly all customers, mne biases incroducec -ire not severe. 
The selection processes suggested in this study are designed :o :e updated as 
more inrormamlon becomes available.
 

3.4.1. Financlal Costs and Revenues ,nc Economic Benefits and Costs - Cases 
of l lust-raLve Zubewelil sers 

The columns Lane!Led financial analysis of Table 3.4-L present 
tne 
rinanc -a' income flows for an illustrative :ubewe!l user. The financial flows 
are snown for tocn tne utility (WA.PDA) and tne customer. The figures are 
presences ,aJn a per k'.'n basis. The revenue figures foc the base case are for 
the Tarl ff .amegor-y D, the non-flat rate tarir:. For mne nign utilization 
case, mae :fa :arirf D-L was used. For a 10 kw Loac, r.ne fLat tart: necomes 
less exp en., ve at pumping Levels above abou, 1300 tours oet ci:r -.Te costs 
assume current pumping practc ce wnicn inciudes s.gnil:cant pumping curng ctne 
peak reri.oc *emano. results Ln:e The :tns table anc :me cemails of :nis anc 
otter munewell user cases analyses are presentec n Appendix Z. e results 
sno.- in ce financial analysis columns of Table 3.'-1 allo-w :ne following 
comments ard Laer-ereices: 

i. 	 :r is clear tnat 4nile mhe use ,of in elect r:c :ubeweli ,,as o:posed 
to diesel) :s very financially attractive tor rie user, ,4.-_DA zncurs 
a financial loss of about 1.5 Rs,'kwn in the base case;
 

ii. 	 The n)ase zase tariff revenues per kwn .3.30) exceed total recurrent 
costs (Oo8) and so WAPDA current account is solvent for sucn 
customers; our after covering recurrent costs tnere is only enough
 
to cover a small fraction of the fixed capacity costs. Hence, even
 
if the RE distribution and connection capical costs are fully
 
subsidized bv a capital grant, there is still 
a financial loss co
 
WAPDA.
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- - -- - - - - - - -

- - -- - -- -----------------

TABLE 3.4-I: ILLUSTRATIVE IRRIGATION TUBEWELL CUSTOMER ANALYSIS
 
........----------------------------------------------------------------------------


BASE CASE: 
 electric tubepelI of 8.3 KW operating 1000 hoursiyr in base 
case (Tariff D)
high utilization case operates for 
2000 hours/year (Tariff 0-1)
electric motor efficiency of 
70% versus diesel engine efficiency of 17.57.
 
Nith peak coincidence factor of 65Z at 
generation
 

Financial Analysis 
 Economic Analysis
 
-
 -
 -
 -
 -
 - - .-- - - - - - - - - - - - - - - -


Utility 
-

Customer 
-

Society
 
Base High Util Base High Util Base High UtiI
 

A. REVENUES
 
I. Tariff (Punjab and Sind) 0.80 0.51 n.a. n.a. n.a. n.a.2. Connection Charges 0.19 0.10 n.a. n.a. n.a. n.a.3. Bros! ;enefits (a) n.a. n.a. 2.60 2.55 H 2.02 2.00 

Totals 0.99 0.61 2.60 2.55 2.02H 2.0 

B. TOTAL SUPPLY COSTS (b) 

Recurrent iVariable) Costs
 
I. Generation/ Transmission 0.25 0.25 n.a. n.a. 1 (1.61 0.612. RE Distribution 0.19 0. 101 n.a. • n.a. ,'.14 0.075. Connection (1.24 0.12 n.a. n.a. 0.17 0.08
4. Tar:i n.a. n.a. 0.60 0.51 . n.a. n.a. 

Subtotals 
 0.68 0.47 0.60 0.51 -1.92 ).76 

Fixed (Japaclty) Costs
 
I. Goeneraton/Tranimission 
 0.51 0.26 n.a. 
 n.a. 1.95 
 0. 98
2. RE Distribution 0.60 0.c0 n.a. n.a. 10.29 4).15
3. Connection 0.74 0.37 0.38 '. H 0..S 0.18 

Subtotals 
 1.85 6. 93 0.38 (. 19 2 .03 1.31 
Total s 240 1.1i .
 

NET INCJIE , BENEFiTS -1.54 -,J.7? 1.42 1..9 -1.53 

NOTES: 
 n.a. - not applicable
 

a. Mv,,erace zi i o speed diesel retrofit and 
hign speed diesel new instaliations.
 

Financial generation and transmission costs 
based on capital costs of 5,20 ns' 
;at generation) and recurrent costs of .245 Rsikwh delivered to the customer. RE

oistribution costs 
based on capital costs o- 6,000 Rs~/ w iat oeneration) and arecurrent charoe ;or ODI of S'. of total cop) tal costs. c., sZount rate of iIS % Nitn 
a *. rear , e was used.
 

co o i ener~t:cn and transmission costs 
based on caci tai costs o 30,00, Rs,I:,I.at oenera t on, and recurrent costs o4 0.61 
Rsikwh oeiivered to the customer. RE
cistriout:.,n costs cased on capital costs of 4,20(0 Rs/kH at generation) and arecurrent charge for Oil o 5. of total copital costs. A discount rate of 1(7. with 
a 30 year life was used.
 

The recurrent costs of G&T include system 
losses oi about 23: percent. 32306
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iii. From WAPDA's perspective, the picture improves for :ne nign 

utilization case but not sufficiently; subscanclai financial losses
 
are still incurred.
 

iv. 	 Such a policy is not viable over any long term period as it implies 
that ocher large portions of the system capital ccsts are not being 
covered either by the customer through tariffs or by Government 
grants to WAPDA in excess of RE capital costs.
 

The column LabeLled economic analysis of Table 3.4-I presents ine economic 
cost and benerir fLows from society's perspective Ln che case )f illustrative 
tubeweil users. The economic benefits are based on the net savings Kin 
comparison zo Jiesel pumping) measured in economic prices. Details are
 
discussed in Appendix E. The economic analysis results Lead to :ne following
 
comments and inferences: 

j. 	 In marked contrast to one f:nancial analysis, L: Ls beneficial
 
financially for the user but substantially uneconomcc ror society
 
under the base case;
 

i1. 	 Economic nenefi:s, in the base case, cover recurrent economic costs 
plus almost half of fixed (capacity) costs. There is a large 
economic shortfall from the 2.60 Rs/kwn fixed cost, of wnicn tne 
majority is system generation and transmission costs.
 

iii. 	 Much of the uneconomic results are due to the low load factor. Only
 
under 	the high utilization case of pumping 2000 nrs per year does
 
pumping begin to be economic. With the addition of either load
 
management or RE cost :eductions tne fLigh utilization case is nearly
 
economl c.
 

iv. 	 The Large cost reduccions which may oe possible for zubeweli 
connections (perhaps up to 50 percent) and decreases in area
 
distribution costs (on the order of 30 percent), as outlined :n
 
Chapter 5, will not make tne base case irrigation pumping economic
 
even if pumping is load managed. Only increases in pumping load
 
factor together with load management and/or RE cost reduction can
 
make pumping economic. Even using .ower (about 20%) estimates of
 
the economic cost of generation and transmission do not alter cnis
 

resuil. 
v. 	 Current policy of encouraging electric tubeweiis, to tne extent tnac 

the average operating level is only about 1000 hours per year, 
appears to be a very costly and inefficient means in economic terms 
to assist agricultural producers and can not be justified on equity 
criteria. Ocher alternatives to aid pump irrigation could be more 
economic; for example, an increased program to promote aiesel 
cubewelis and a complementary program -or efficienc selection and 
use of tubewell equipment. The use of power factor correction 
capacitors wnich could significantly reduce capaciry7 and network 
costs, together with the other improvements mentioned above, can 
enhance the economic position of electric cubewells. 
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vi. To avoid such economic-losses with current customers 
it will be
 
necessary to establish financial 
tariffs which relate to 
economic
 
costs and wnich provide incentives (savings) for off-peak pumping

and improved power factors, and 
at the same time constrain on-peak

pumping. 
 Such tariffs will produce financial costs 
for the user

which are 
higher than the diesel option for low load factors, in
which case 
some users may switch to diesel; while some new users 
will

pick diesel 
which then have lower financial and economic costs. Some
 users may stay with electricity under such 
tariffs if there are other

convenience or other preferences not captured in the 
above
 
comparative analysis. 
 Until such tariffs are in place, 
at a minimum,

all pumping should be 
load managed to restrict peak period pumping.
 

The above comments, based on 
the financial and economic analysis, question the
wisdom of 
continuing tubewell electrification under existing policies. 
 On the
assumption of 
continued tubewell electrification, these comments also indicate
the importance of tubewell tariff 
reform and load management. These 
are
discussed in Section 3.6.1 following the analysis of 
tubewell users' 
benefits
 
and capacity to pay (Section 3.5.1).
 

The move to tariffs based on economic costs will likely lead 
to
proportionately higher costs 
in Baluchistan and NWFP, where pumping heads 
seem
much higher and the demand more dispersed. It is necessary to study whether

the possible cost increases are substantial 
in the context of total farming
costs, and whether subsidizing electricity is 
the best way to assist the
 
agricultural development in 
these provinces.
 

3.4.2 Financial Costs and Revenues and Economic Benefits and 
Costs -

Cases of Illustrative Household Users
 

The details of the household user case analysis are 
shown in Appendices C
and D. 
The results discussed in this subsection are drawn from these 
case
analyses. Tables 3.4-2(A to C) some
present results of the case analyses

for illustrative high, middle and 
low income household users. Again the
columns of the financial analysis present 
results from the perspective of the
utility and of 
tne customer. 
 As in the tubewell user discussion, tne figures
are presented 
on a per kwh basis. The revenue figures are for Tariff category
A-I. The financial results shown in A, B and C versions of 
Table 3.4-2 and

other results allow the following comments and inferences:
 

i. For all rural household income groups, WAPDA incurs 
a financial loss,

but the per kwn loss is lower for all household cases than for
 
tubewells;
 

ii. Only revenues from the high income group 
tariffs cover cne 
recurrent
 
costs but even 
for this group there is little remaining to cover
 
fixed capacitc costs;
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0 

TABLE 3.4-2A: ILLUSTRATIVE HOUSEHOLD (High Income) CUSTOMER 
ANALYSIS
 

BASE CASE; 	 hign income kabout 10% o4 rural' population)
 
annual electricity use of 1800 kwh w, :h 1.0 kw peak
 
rtith peak coincidence factor o+ b5 at generation
 

Financial Analysis 	 Economic 
Anal,
 

Ut Ii ty Customer 	 Soci et 
'
 
Ai. EiENUE3 

I. Tari -- 0.44 n.a. n.a. 
. Connect:on Tharge 0. to na. 	 n. a.3 Gross Beqefits n~a. 	 1.6 i 

Tot a 0.54 1. 0 	 .o0 

T T41L 3;-; L' CSTS 

;ecurrenlt ,driao e, -.3sts
I. 3ener -, : 	 n !, rF.in s l sl oan 0.25 	 n a.I.0 

3. Connect'an 
 U.03 	 n.a. 0.02
4. 7ar i na, 0.44 	 n.a,
 

Sunot a is 0.39 
 0,44 	 0.71 

Fixed kCapacitv) Costs
 
1. Generation/Transmission 
 0.29 n.a. 	 1.15
 
2. RE Distribution 	 0.33 n.a. 0.17
 
3. Connection 0.10 0 .27 	 0'.05 

Subtotal s 
 0.72 	 0.27 
 1.37
 

Totals 1.11 	 . 71 2.08 

C. NET INCO ME , 6EFFITS 	 -0.57 0.29 -0.48 

NOTES: n.a. - not applicaoie
 

Financ:al generation and tran-.mission corts based on capital czsts of 5,200 Rs1V4
 
(at generation) and recurrent costi 
of 0.245 RFs/kwh delivered to the customer, RE
 
distribution costs based on capital 
c ,7ts of o,000 Rs/kNs (at generdtion) and a 
"ecurrent cnarge for O&M1 of 57. of total LcIpi tal costs. A discount rate of 15%4" th 
a 50 year life mas used. 

Economic generation and transmission costs based on capital costs of 30,000 Rs/Yk

(at generation) and recurrent costs 
of 0.61 Rs/kwh delivered to the customer. RE
 
distribution costs based 
on capital costs of 4,200 Rs/kw (at generation) and a
 
recurrent charge for OG oi 'J'/.of total copital costs. A discount rate of 10Z wi th 
a 30 year Iite 4as used. 

The recurrent costs of G&T include system losses of about 23 percent. 32306 
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----------------------------

--------------------------------------------------

-----------------------------

TABLE 3.4-2B: ILLUSTRATIVE HOUSEHOLD 
(Middle Income) CUSTOMER ANALYSIS
 

BASE CASE: middle income 
(about 60% of rural population)

annual electricity use of 
540 kwh with 0.36 kw peak

with peak coincidence factor of 
657 at generation
 

Financial 
Analysi b Economic Anal
 

Utility Customer 
 Soclety
A. REVENUES
 

I. Tariff A-I 
 0.39 
 n.a. 
 n.a.

2. Connection Charges 
 0.34 
 n.a. 

3. Gross Benefits 

1.83 
n.a.
 

n.a. 
 1.83
 

Totals 
 0.73 
 1.83 
 1.83
 

6. TOTAL SUPPLY COSTS
 

Recurrent (Variable) Costs
 
I. Generation/Transmission 
 0.25 
 n.a. 
 0.61
2. RE Distribution 
 0.13 
 n.a. 
 0.09
3. Connection 
 0.11 
 n.a. 
 0.08
4. Tariff n.a. 
 0.39 
 n.a.
 

Subtotals 
 0.49 
 0.39 
 0.7B
 

Fixed (Capacity) Costs
 
1. Generation/Transmission 
 0.34 
 n.a. 
 1.38
2. RE Distribution 
 0.39 n .a. 0.19
 
. Lonnection 
 0.34 
 0.69 
 0.17
 

Subtotals 
 1.07 
 0.69 
 1.74
 

Totals 
 1.56 
 1.02 
 2.52
 

NET INCOME ' BENEFITS -0.83 
 0.75 
 -0.69
 

NOTES: n.a. - not applicable 

Financial 
generation and transmission costs 
based on capital costs of 5,200 Rs/kw
(at generation) and recurrent costs of 0.245 RsIkwh delivered to the customer. REdistribution 
costs based on capital costs of 6,000 Rs/kw 
(at generation, and a
recurrent charge for 
O&M of 5% of total copital costs. A discount rate of 15% with 
a 30 year life was used. 

Economic generation and transmission costs based on capital costs of 30,000 Rs/kw(at generation) and recurrent costs of 0.61 Rs/kwh delivered to the customer. RE
distribution costs based on capita; 
costs of 4,200 Rslkw (at generation) and a
recurrent charge for O&M of 5% of 
total copital costs. A discount rate of 10. with 
a 30 year ife was u!sed. 

The recurrent 
costs of G&T include system losses oi about 23 
percent. 7230o
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------------------------------

S. - :LLUSTRATPI E HOUSEHOLD 
(Low Income) CUSTOMER AN LYSiS
 

;ASE CASE; iow income 
 aoout -. % of rural population
 
annual electricity use 
of 240 kwh with 0.!0 kw peak 
with peak coincidence factor of 65% at generation
 

Financ~al Analysis Econ:zic 
Ana.i
 

Utility Customer
 
-. EiENL'E

1. Tarlt A-! ,J9 na. -. a
 

. Connection CharQes 
 0.7o n.a. *.a.
 

Gross Senefits 
 n.a. .12 

Totals 1.15 21 

TOTAL SUPPL, COSTS 

;ecur ent 'ariaoiej Zosts 

.eneration, Transmission "125
 
1. ;E Distrioution 0.14 n.a. .1' 
S. Connection 
 0.25 
 n.a. . 7a r i 
 n .a 1',..39 
 n a,
 

Subtot3 s 
 0.64 0. ,.
 

Fixed (Capacity) Costs
 
1. Generation/Transmission 
 0.36 n.a. 
 1.47
 
2. RE Distribution 0.42 
 n.a.
 
3. Connection 
 0 .76 1.23 
 u.77
 

Subtotais 
 1.54 
 1.23 
 2.05
 

Totais 
 2.18 i.o2 
 9.4
 

C. NET INCOME i BENEFITS -1.03 .. 

NOTES: n.a. - not applicable 

Financial generation and transmission 
costs based on capital costs of 5,C'' 5s'w 
%at generation) ano recurrent ofcosts 0.245 
Rs/kwh delivered to the customer. ;E

distribution costs 
based on capital costs 
of 6,000 Rsir" ,at generationt and a
 
recurrent charge for O&M of 5% 
of total copi tal costs. aoscount rate of 15 1 tn 
a 30 year lie was used. 

Economic generation ano transmission costs baseo on capi tal costs of .J,UV,) Rsi ,N 
(at generation) and recurrent costs of 0.61 Rsikmh de i ered to 
the customer. RE 
distribution costs based on capital costs of 4,20%) Rs/w at generation and a
 
recurrent charge 
%r O&M o-.' of total copitai costs. discount rate f %0Zwith
 
a 30 year life mas used.
 

The recurrent costs of G&T include system losses 
of about 23 percent.
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iii. 	While the case for household users 
is not as financially unfavorable
 
as for tubewells, even if all RE fixed and capacity costs 
are grant
covered, WAPDA will still incur a substantial loss in effect earning

nothing 
on Generation and Transmission fixed 
costs and also falling

short on recurrent costs. 
 Such a policy is not financially viable
 
over any long term period.
 

The columns labelled economic analysis of 
Table 3.4-2 (A to C) indicate

the economic cost and benefit flows from society's perspective in the 
case 	of
illustrative households. 
 The economic benefits are based on the 
net savings
(in comparison to kerosene lighting) and consumer surplus for other uses
measured in economic prices (see Appendix D). 
 The results shown in these
tables and other economic analysis suggest the 
following comments and
 
inferences:
 

i. 	 the unit economic benefits are highest for the lowest income group
because they use little electricity and what they use is mostly for
 
high 	value basic lighting;
 

ii. 
 On strictly economic criteria, with current policies, economic costs
 
exceed benefits for all household groups;
 

iii. Under circumstances of a combination of decreased economic costs
 
and/or increased economic benefits, households could become
 
marginally economic. 
These circumstances are 
some 	combination of:
 

a. 
 a decrease in RE system costs as proposed in Chapter 5;

b. 	 a decrease in fixed (capacity) generation and transmission
 

costs;
 
c. 	 increased direct benefits as 
a result, for example, of
 

greater electricity use or higher consumer surplus and
 
willingness to pay; or,
 

d. 	 the crediting of some 
indirect and/or complementary
 
investment benefits.
 

For example, if the direct benefits are underestimated by about 25%
 
(as international comparisons indicate) and the 
cost reductions
 
described in Chapter 5 are acnieved, household 
use would be
 
marginally economic.
 

iv. 
 Introducing socio-economic considerations suggests that household 
use

could be more viable than indicated by the economic analysis outlined

above; the 
following specific factors warrant consideration in future
 
work:
 

a. 	 introducing a social weight reflective of 
rural income
 
equity objectives.


b. 	 introducing a social weight incorporating urban-rural
 
income distribution equity objectives.
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The implications of cese comments and nhe importance of household tariff
 
and conneccion policy reform are discussed below (Sections 3.'.2 and 3.6.3).
 

It should be noted that the estimates of the economic benefits of 
electricity for households are probably low. Insufficient information
 
combined wich low existing tariffs do not Dermic higher estimates witnout 
additional investigation. Sucn investigation is recommended as information
 
from 	 otner countries and from private generators in Pakistan Indicate that 
nigner benefits dre Likely/. 

3.4.3 Fioancial Costs and Revenues anc Economic Benefits and Costs 
-
Cases of illustrative Rural lndustr'; '-sers 

Following :he pattern of 
 rne cables above, Lhe columns labelled financial 
analysis in Tabie 3.--3 present the :inanclai ncome flows for an iluscrative 
rural Lndustry user cases representcng :,;o levels of eec~ric-v -utilizacion: 
a base case of i,3CC nours,'year and a nign uclization of 2000 nours,'yearcase 
of operation. As in cne earlier cables, cne :'nancial flows are shown :or 
both the utclic-v ("4APDA) and the customer with figures 
basis. :he revenue figures are for the Tariff category 

presented 
B-I. Sup

on 
port

a 
ing 

per kwh 

details for this 
analysis can be found in Appendix F. The financial analysis 
results shown in Tabe 3.4-3 allow :ne following comments: 

i. 	 For the lower utilization level users WAPDA does not recover its 
financial costs by about 0.26 Rs/kwh.,
 

ii. 	 For the nigher utilization level users WAPDA makes a financial excess
 
of about 0.25 Rs/kwh; hence under current policies rural industry 
appears a user category for whicn ',-'APDA does not incur a financial 
loss;
 

Following the pattern above, the economic analysis of Table 3.4-3 
shows
 
economic cost and benefit flows from society's perspective in the cases of
 
illustrative rural industry users. The economic benefits are based on the 
net
 
savings in comparison to diesel based motive power. The results shown in
 
these tables and ocher economic economic anai/sis suggest the following
 
comments and inferences:
 

i. 	 Based only on the airec: (cost savings based) economic benefits only,
 
tne high utilization rural industry user is close being economic.
to 


ii. 	 Under Some circumstances, hign utilization rural industry could
 
become strongly economic and the low utilization rural industry could 
become economic. As in the case with household users, this could 
result from a combination of decreased economic costs and/or 
increased economic benefits, these circumstances are some combination 
of:
 

a. 	 a decrease in RE system costs as outlined in Chapter 5; 
b. 	 load manageienc, for on-peak restrictions and improved 

power factors, 'hicn will require new tariffs; 
c. 	 a lower estimate of fixed (capacity) generation and
 

transmission costs;
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TA'LE 5-.4-7: ILLUSTRATIVE RURAL 
INDUSTRY CUSTOMER 
ANALYSIS
 

?ASE CASE: electric motor Doerating at 12 
HP for 1000 hours/year in base case
 
hIgi utilization 
case operates for 2000 hours/year

electric motor effciency of 70. versus diesel 
engine efficienc, o * 17.5k:
 
.ith Peal: roincidenc, factor 
of b5% a: aenertion
 

Financial Ana'ysis 
 :, Economic Analysi!
 

:------------------

Ulllt 
 Customer 
 5ociet'oBase High Utill 6
Base High U ,Ii ase Hion Utii
 

;. REYENUE 
1. Tarff - .
1 1.36 1.19 
 n.a. n.a. 
 n.a. 
 n.a.
2. Connection Charges '.17 0.09 n.a. n.a. 
 n.a. 
 n.a.
 . ross enes n.a.
ts n.a. 2 25 2.22 1.76 

T ta s 
 1.5 7 1.2B 2.25 2.22 1.70 . 07
 

.,0TZ -EU;, COSTS
 

recurrent tVariaole) Cost!
 
I. Generation,Transmission 
 (1.25 0.25 
 0.0 .
2. RE Di str ibution 

n.a. n.a. H.61 
. 0.10 n. . n.a, (.14 0.0'
 . Connection 


Tar i .06 (.03 n.a. n.a. 0.04 0.02
n.a. 
 n.a. I ..6 1.19 n a. 
 n a.
 

-AV to t I s 6 .5,) 1.0 1..76 1.19 .7q.70
 

•-Ixeo 
kCaoacty 
Costs
1. .enerationiTransmission 0.51 v.26 n.a. n.a. 1.955 ,RE Distribution 
 0.60 t,3( n.a. n. a,.1 ,. C. 15Snec
ti on 
 C'.C '. .0 (.0.115 "6 (' 0. '4 

Suotce Is 
 1.2 0.65 0.3i 6. 15 2 "7
 

To 
 I.7q 1.0 1.66 
 1.34 
H .12 1.67
 

'T.S lJNCOE - ENEFI S -0.2o 1'.25 6.5z ,..ss - .: -0.2.'
 

NOTEB: n.-. 
- not aoplicabie
 

Financial 
generation ano transmission 
costs based on capital costs o4 5,200 Rs/I:w
at generation) and recurrent costs of 
v.245 Rsikwh delivered 
to the customer. RE
cistribt tion costs based 
on capital costs of 6,000 Rs/iw 
(at generation) and
recurrenr 
 cnaroe of nf 
a
for O'Li 5 r. total copItal costs. 
 -scount 


- ' e r 1 1 e .taf . use o .
 
nf,c i,- e,,e- onnaano tt nsm ss ost-


i rate u) i5 wi tn 

7c ased -n c a: -i cosE t -. o,0 V ;s,,sner
a 9 i -n, no recurrent c st- o ' . I sti.:Hh deli /ereo Z tfle CuSttiM r ,
'r 

E
 , t' ::.:.7,r r}aeO on :api ai Cnsts 4 ,C' S,kswof ky at enerat.on, .7o a
erurrent 7.narge or o
. ooc totalt ot aI c pi tal coo.Sts. d rate i tdiscount 

'ere P0 i e Was used.
 

The recurreint 
c.osts of G3.T include .','stem 
losses of abo.,r 23 percent. 32306
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d. 	 increased direcc benefits as a result, 
for 	example, of greater
 

electricity use as the low utilization users 
grow strongly (a
 
result found elsewhere); or
 

e. 	 the credicing of some indirect and/or complementary Investment
 
benefits; in other countries where 
che necessary ex-post studies
 
have been conducted, chere are 
often such additional benefits
 
indicated from rural industry electrification: increased
 
productivity of existing labor and capital 
as well as additronai
 
emplo ment and expansion triggered by electricity (isually in 
the 	presence or ocner complementary inputs such as credit). 

if for example :tese factors suggested an increase if only about
 
10 to 15 percent in the high utilization case, rural industry 
would 
be economic. in the case of the Low utclizat:on industry,
 
tnis mignt become economic if: 

1. 	 increased productivity and nigner zro'vn Lead to 
an Lncrease in electricity use; annd 

2. 	 indi:rec and complementary investment zenerits
 

amounted are large; and 
3. 	 tne cost reductions discussed in Chapter 5 are
 

implemented.
 

iii. Rural industry could be more viable tnan indicated by cne above 
economic analysis because of the rural i.ncome/employment associated
 
with productivity increases, 
the small industry growth assoc-iated
 
with the availability of an economic and 
reliable electricity supply
 
and other complementary inputs. Studies assess
to these cnanges in
 
Pakistan are of great importance and should be initiated 
at an early
 
date. 

3.4.4 Financial Costs and Revenues and 
Economic Benefits and Cos:s - Cases
 
of illustrative Rural Commercial Users
 

Table 3.4-4 presents the financial income flows (for the customer and 
WAPDA) for illuscracive rural commercial users. Two different use levels are
 
considered: one including refrigeration and one without. The 
revenue figures
 
are 	for the Tariff category A-2. The financial analysis indicates tnat:
 

i. WAPDA revenues are well above costs, with the excess cf about
 
.3 Rs/kwh; under current policies rural commercial users appear to be
 
the only user category for wnich WAPDA receives a substantial 
financial excess; and 

ii. Such 	customers' higher annual use and 
higher load factors
 
(particularly with refrigeration use) lead to lower unic (per kwh)
 
charges for the fixed customer connection cost and load factor 
dependent 	system costs (e.g. generation and transmission).
 

The economic analysis in Table 3.4-4 presents the economic cost and
 
benefit flows from society's perspective. The results shown in tnese cables
 
and 	other economic analysis suggest:
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TABLE 7.4-4: ILLUSTRATIVE COMMERCIAL CUSTOMER 
ANALYSIS
 

BASE CASE: lighting and fan use 
plus range is based 
on 
with b without refrigeration

annual electricity use of kwh
540 with 
",.36 kw peak -ithout refrigeratior

annual electricity use of 890 
kwh with (1.51 kw peak with refriaeration
 
with Peak coincidence factor of 657 at 
generation
 

Financial Analysis 
 Economic Analvsi
 

Utility 
 Customer 
 Society
Refrigerator: No Yes No Yes No Ye 
A. REVENUES
 

I. Tariff A-2 1.5) 1.50 n.a. n.a. 
 n.a. 
 n.a
Connection Charges 
 0.34 0.21 
 n.a. n.a. 
 n.a
Gross Benefits n.a. 

n.a. n.a. 
 2.34 2.20 
 2.34 2.z
 

Totais 
 .B4 1.71 2.34 2.24 2..4 
TOTAL 3UPL' COSTS 

Fecurrenr AVariable) Costs
 
I. GenerationiTransmission 
 (i.25 0.25 n. a. n .a .,'

FE Distribution 
 0.13 0 .II n a. n.a. 
 0.09 0.0
Connection 
 0.11 (,.07 n.a. n.a. 
 0.08 (1.0
4 Tar i n . a n a. I . 5n . 5n n.a n. a 

3ubtotals 
 0.49 0.43 I.50 
 1.50 ).79 .7
 

Fi-eo .Cavacity) Costs
 
I. oeneratjon/Transmission 
 0.74 0 .29 n.a. n.a. 1..6 1. i; E Distribution 0.39 0.34 n.a. n.a. 
 .1..onnect:on (.34 0.21 (.TA A,.46 '.17 0. 1 

SIntotais 
 1.07 0.84 0.76 0.46 
 1.74 1.4 
T otals 1.56 1.27 2.26 1.96 ' 2.52 2.1 
r
-E ,NCONE , 5ENEFITS 0.28 0.44 O.,'S 024 -0.16 0.':1 

iTE- z 
n.a. - not apolicable 

-inan:,- i oenerttion and transmission costs baseo cani talon costs of . , nsik!t oeneration) 
and recurrent 
costs 
of C..45 Rsli:k n delivered to the customer, ,-IStriout. on costs based on capitai costs o4 6,0): Asl H t oeneration) and aec ur r en cnaroe ;nr 0 , cf 5. o; tot a ccpI t a c ss o , .Tcount - a te o 15. wi th 

c erneration and t ransmi5s, on cost s 2aseo c, ta c ta costs 2, Rs.'.'
iS'.1
 ano recurrent costs o? '. i:in aei ve - E to tne custmer. RE
iEtr' ~ 4=s oased on cacital costs o4recurrent charge ,2. , sr ,at aeneration, and afor ,-,4M of 5;l oi total cop:tal costs. ,,og scount rate of JIa. with 

a , year a5 Llsed.ae 

The recurrent 
costs of G&T include system losses o; aoout 2- percent.
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i. 	 Commercial useis with refrigeration break even economically whereas
 
the other commercial 
customer example is close to being economic.
 
The potential RE cost reductions will lead to marginally economic
 
results; 

ii. 	 In the refrigeration use case, the direct economic benefit estimate 
is a Lower bound, hence even without indirect or complementary 
benefits (wnicn likely exist), this use Is Likely quice economic. 

3.4.5 Financial Costs and Revenues and Economic 3enefits and Costs 
- Cases 
of Illustrative Villages/Settlements 

The village analysis consisted of examinir.g a mix of cne different
 
customer types discussed aoove to simulate the 
benefits anc costs of rural
 
electrification in a village context. This work was performec subsequent :o
 
the customer analysis inc was used to examine number
a if issues; 

- RE financial anc economic attractiveness on a village scale. 

- the contribution 'f lifferent customer types to toral village economi:
 
benefits from E.
 

- cost reductions and economies of 
scale for RE costs.
 

- R.E intensification and extension economics.
 

- sensitivity analysis concerning various parameters such village size,
 
customer mix, provincial differences, social weights, etc.
 

The village analysis accounts for the benefits, costs and electricity demands
 
of aggregation of the above customers. This analysis, whicn is discussed in
 
Annex G, can vary the mix of customers, their electricity penetration rates,
 
and the villages supply costs. Financial and economic analyses, such as 
net
 
present value of 
benefits and costs, are performed. Many of tne results of 
the illustrative village analysis are weighted averages of :ne above customer 
analyses. Thus many of the village analysis results parallel :he results of
 
the above customer analyses. This situation occurs 
because the zustomer
 
analyses were structured to capture the benefits and costs of RE in 
a village
 
context. For example, in the 
customer analysis, the RE costs included
 
allocated 
snares of village and area RE costs. Therefore, either tne village

and customer analyses 
can be used to examine an issue; however, one or the
 
other may be more convenient.
 

Financial Analysis
 

As has been found for the individual customers, the ftinancial 
attractiveness for RE varies significantly for che utility versus the customer: 

i. As a unit, the gross benefits to the village are substancjaliy nigher 
than the costs for connection and tariffs. 
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TABLE 3.4-5: ILLUSTRATIVE MAIN VILLAGE ANALYSIS 

.ASE CASE: 4or details 
see HOopnOd x G: ,00 householos: penetr.%t:on - about 7".in Year Iv: 
 87 w demand 
Hitn 24% load factor at generationconnected customer 
mi;:: 
 202 households, 15 commercial, 
2 rural industry,

km of 
HT' area distribution 
line required
 

Financial Analysis 
 Econom:c Ana
 

Ut I tyv VI I age Soci et..
RREVENUES
 

I. Tar ff 4.55 
n.a. n.a. 

. Eonnec ton Charces 
 0.27 

Gro!s Eene4itr n.a. n. .
 

n.a. 
 l.B
 

Total 
 0.82 
 lqB 1.2: 

. TOTAL qUPFL y COSTS 

Recurrent iVariable) Costs
 
I. GeneratloniTransmissiion 
 0.25 


(1.61
7E Area Distribution 
n.a. 


0. 16 n.a. 
 0.10
hl V Illa e Distribution 
 0.06 

0.04
4. Conn ction 

n.a. 

5 Tar i i 0.11 n.a. 0.06
n. a. 0.55 
 n a. 

Subt.t a is 0. 57 0. 55 0.8. 

Pi ed Capacit;.! Costs

I. Generat oniTransmi ssi on 
 i.37 
 n.a. 1.,I. E Area DCstribution 0.48 n.a.
 
7 rE Vi Iaoe Di strlbutIon-
 0.19 n. a. 

v.n. r ion 0 . 36 0. 
 1. 

T1alA 
 i 3 
 i.,B 
 .7,
 

NE T NC,.t.E ENEFI FS -1. II 
'. 9'.5 

:CTE n.a. not- ADDlicable 
7k'c, 
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L1 WAPDA Lacurs a subscanciai Loss on fthe village connection Lfl tnat 

revenues cover less than one-nalf of COStS. 7arirfs cover oni> 
tne 
recurrent f.inancial costs of Ere system. Connectijon a-narges do not
 
cover 'i! af Ce connection capiLtai costs; .its :s orimart.y due 
to the
 
partta :u.e' L [o1nnecmi"n uD" poLI.! 1d ; 

Taole 3.l- prasent. 5ucn I'n4s fir ,iLage %L6strat:.ein see Appenc.:.: 
C). An LMDOrm-nC 00t 1 . i Ett E inanclllot e ! osI t on ,)t :e a c1lt.' :an e
 
g3reatly lrvod bau.e cuscomers ire ,jiiLn, to pay :ucn more than they
 
currenLi; pay o Ele UtLity.
 

:Economic. Ariaiv;scs
 

Again, is *as tmunr2 wL:n tne customer analyses, "he economic benefits of 
RE dc not ,ove: te economic costs. A.s noted earlier, tne benefits )f RE are 

oe Ier 

largelc t L n.e iO. 


'IkeL: ta :ri rean actually exit.. The uneconomic posiri. of RE is 
n costs -f generaEion anc transmission i&c) no: 

,R costs t e ,'. .S''SCaS. 
 aDove, ,LIT costs firm amour t"ree-r ur-as
 
.of total etecmrcct.' ,, :conom C Deneti:t
su~pL casts. dO nOt atQover t0e cOSt 

U&: aitnouo :t S ._uat 1.n 
:oul improve as better esCimates at aenefIZs -ire 
possiole i:i.cs ruriaaL I ai,..trs improve through "oac :manag ment ino 
growth. The oenefi-s easiiy cover mne recurrenc costs of eiec~ricity. 

?rovinclai Dti: rernces
 

As mentioned mbove, tee benefits estimates wiil vary by province due 
:o
 
different mixes -, c-.stomers and different benefits per customer. 
 Chapter 0
 
notes ctat par- of ,rie fucure %work in tie area 
.)t village selection wil
 
invoive surve's 
to nercer understand these ':arlations so c.am decisions as to 
-low to incluCe toem tn Ienefit estimation can be made on a more accurace 
basis. At tnis :ime, tc Ls important to note tnat tne village selection 
procedure wnio i_ utieo in Chapter - compares villiages virinin a distrcrl 
or tensi. _.D to t.:.is eveL, :oe aiacato a: Ls done by usingcar resources 
aggregate ar.,erca sIac.n as rural popu'La.on, non-electri-:fced rural population, 
or developmeni.-ncces. Consequently, the vilage selection trcterla are less
 
vulneraole tu oaases lue to ' rovinciaj direrences to tne extent mnac the 
village aene: Is ire osed an toasateon and numoers or ruraL idustries and 
tubewelis. 

Given the Large to tie,-eIAnt:oas1c c armecers *a,ed -I aese 
analyses, a numoer oIens it't' anai'ses were performed to Lndicate now tne 
results would vary .,rndfferent input values. ome of tie oncLusions are: 

lie gr s ene its estinarcons are very Ltk-/ Lowe: mosocs tor t.,e 
actual DeneCits. Thi isi Iue to the Lack Or: Ile deracd.e LnformaCLIn 
needeo. n4ousenoid aeneris estmataons in )cnrier councries have round 
,11 1ne CC Z, -Urtherore, tnforimacLon rroit,' pri',vate power generars 
"n tne .,arac7i irea LtLdicate a Mucn nlgner wiLLingness-to-pay 
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small amounts of electricity. 
The lack of information also prevented

this study from ttstimating indirect benefits for 
some customers such as
rural industry. 
 If the actual gross benefits for this illustrative
village were underestimated 
by one-third (or 
in ocher words- the
benefits in 
this study were increased by 50%), 
RE would break even.
 

To suggest how the illustrative village could become economic, several
basic parameters are 
changed in a favorable manner. 
 For example, if
the discount 
rate is lowered to 
5% (as suggested by Markandya, Ref II)
and a 30% RE costs savings is attainable, this village's net 
benefits
break even. Most of the improvement is due to the 
lower discount
rate. 
 The RE cost savings reduce 
total costs by about 7% (including
G&T). Similarly, if the 
long-run capital costs of G&T were 
lowered
from 30,000 to 
20,000 Rs/kw, the overall costs would be 
reduced by
nearly 20%. These lower costs 
together with the RE cost 
reduction
would leave the illustrative village with 
net benefits of about -0.3
Rs/kwh as opposed 
co the -1.0 indicated in Table 3.4-5.
 

Social Weights ana indirect Benefits
 

As discussed above, to examine broader equity objectives such.as 
social

policies aimed at improved equity between rural and urban areas 
or between
income classes, the investment analysis could 
be performed using social
weights, which incorporate these policies. Such weights are 
largely political
judgments based on some 
analyses (see UNIDO approach, Ref 8). In this study
it is useful to note 
the implied social weights which would make RE nousehold
connection socio-economically attractive. 
 For example, a social weight of
about 40% would make household benefits approximately equal 
to costs. Based
on the results on household above in section 3.4.2, 
such social weights would
involve about 
a 40% premium on 
rural consumption. 
Such a premium is not an
 
extreme value.
 

Similarly, some customers 
such as 
rural industry have indirect benefits
:hat could 
not be captured due to information limitations. 
 It is useful to
note cnat 
for rural industry, the amount of 
such indirect benefits as a
percentage 
of direct benefits needed to 
make RE connection economiz varies
from abou: I to 80% depending on Zne operating level of tne business. Thesepercentages 
ire probably overestcmates 
as tne direct benefits measures 
in this

study are only Lower bounds. 

RE Intensification and Extension
 

Investment allocatiorn decisions -ill 
nave 
to be made among nree options:
 

(1) connection )f more 
customers 
in electrified settlements,
(2) connection ji 
iddi:ional settlements and villages 
fro:m eXIsCLng area
 
distribution lines, 
and


(3) connection if additional villages from 
new distribution 
Lines.
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Clearljy ctese Z:nee optionb are lisred in order of increasing cost. However, 
the magnitude or cosc differences -will ary; -iigni:icanrT. *jprion L LS muc-,
Less expensive when cnere is sufficient capacity in toe settlement L. Lines 
and :ansfoErmers (.r '.nren conductors .:an be u.pg4raded it relattveiv Low csc,.
Simi lir L, coL,nect leLIearby iCi.ementc "s te, .xsensi ;e 4. :; e L 
liles nave su r:clent excess capaciLr ya.ig inco .accuunt medium--.mr- -needs 
:or ,ie .Wt 0 1i1tConc-ins. 
 )ner itojrs t, :e conscoe'ec 

.,.nr ,-aut r'enaovI1:aon, "eEioPtnc rcrengcening "s neeced, 3. 
ns *T', . - ce; eI-een).s Je Ci.
Dse S . regarar ss or _inpossibLe esoeriinI on
r cstS differences, 
 r:.e nc-e s are to gained by


In LI II le ,1nnec Lons curing
r 1r. 7engtnen.IgeabLLLatzn ccork. a1d 

, " IL,i . rCtI- e ,:as, :e o IneensL LaltIon OCcUcS ' I: re .s excess.. e 
.apac-1: :egaro,.: -: .I rea -Ic l1Ce ,iSt ru i,)n. _ .ns rextreme 
zne ,E ot':,mn ec supplye rlclz ", ,couio be reauced to onlv m-ne customer01Uiec ut ....v hou 2: mcL)2 t erment depenc z-.g rn at, ".am Jmr

"-,'c. :_.acer s£ucaD. c3ldm tonIs, snOait myl;ce ais nan']:' coanvecmmor.5 "::d se nacle 
'wiD tIe i.e :. Dud get. 

41n -a it ma: ing he number of customers and revenue at :me
 
earliest :i,
r-e, intensifmcation is generally the 
most attractive investment.
 
Alocatior,; .. -vescment to extension is justified on 
9: unds 
 -_me basis Of
 
equit. .;o, (- i, criceria and is3 a Dlitical deciion.
 

3.3 Ahi-v co Pa ' AIP) and 4 lIingness to Pay WTP): Observations andLarIerences tot Poilc': 

bAi.j. i pay refLects zne financial capacity of the customer to pay fir
 
elecCrt: 5ervLcI. 
 The lleasure of capdacI,-'v to pay -or services must reflec:
 
bota Income Lev'els and tne cash flow 
:naracterLstics of mhis 
Income. These

Must :e onsieted relative to born overall customer expenditure needs and

chara er:.-:.cs of -me cost/payment for the 
eLectric service. In particular
capaci/ m.,pay considerations muse reflect rne Lumpiness of expenditure

re:qui-rement; such as connection charges and internal w-iring zosts) and 
rme
absence Dr cresence of mechanisms to finance such lumpy expenditures over a 
perioc 9: m(e and -ne ter-ms of sucn financng, 

s O.
LI o.gm o in economic terms, as opposed to a-bilit.; to :a' 
me-s ts,ctotaL price the consumer woulid be ",iLiing :o pay :or A particul.ar
quantit[y of electricity as opposed co the offered sale price. :t measures toe 
sum (:r integral) if woac the consumer is wiLling to pay for acn incremental
 
unitrOf consumption. The wiLlingness to pay will be above the offered marKea 
price 
in that it includes consumer surplus. The willingness to pay may be 
extended to include considerations of consumer perceptions of' 
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1. 	 tne quality of service (electricity reliability);
 

ii. 	 other factors, including convenience, safety, improved "quality" of 
Lighting, etc. 

owever a consumers willingness to pay does not adequately characterize the 
poutential for tariff changes and greater cost recovery. In addition the 
consumer may be influenced by his perceptions regarding the suppliers billing 
and collection efficiency, that is the supplier's collection procedures and 
cne ease of circumvention. The consumer may perceive that he can avoid
 
payment and will do so regardless of his willingness to pay unless the 
suppliers collection efforts improve. This appears co be the case for many 
rural (and urban) consumers tn Pakistan.
 

3.5.L Ability to Pay and Willingness to Pay of Tubeweli Users 

irrigaaon markedly increases agriculture income at the farm level; the 
:inancial returns to irrigation are considerable. The gross financial returns 
to cubeweli -rrigation (or low lift) irrigation depends on whether tnis source 
or irrigation water" is the only source or a supplement to ocher sources of 
irrigation (canals). In the later case there is less pumping and tne capital
 
costs (prime mover/transmission/pump 
 and well and piping) must be amortized 
over .ewer nours and lower volume of water. The case of pumping for. 
supplemental irrigation is the general case presented in tne anaiybis above. 
I: is obvious that many tnousands of currenc users have both the capacity and 
w ilingness to pay current tariffs and connection charges. From the
 
perspective of needed policy changes, the more important issue is whether
 
tnese users nave the capacity and willingness to pay tariffs and connection 
costs tnac are much higher. 

The financial analysis presented in Table 3.4-! saggests that users have 
the capacity to pay tariffs that would cover WAPDA's full financial costs. 
Such 	tariffs would require unit charges about 20 percent higher than the
 
present ones (Tariff D) and customer assumption of full cost of connection. 
For some users, capacity to pay the large connection costs would be dependent 
on loans being available. The financial analysis also suggests the 

toto such tariffs but their perceptions of W.APDA and Governments 
resc§e,' :rld~i >e ,fin issue. 

Tari:fs tna: cover tne full economic costs woula require mucn higner unit 
cnarges e.speclalI tn the absence of load management. Even atn pumping use
only ff p-a, tariff increases to cover t, e full economic costs will need to 
be large. The capacity to pay such tariffs is thererore based ,on tne value 
acced tna, comes from irrigation, but tne willingness to pay sucn tariffs is 
unikely to be sufficient, since farmers are lakel oI cnose trw 1ess costly 
cl-_se' i n instea3-.
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3.5.2 cy toPayandWilliignessK to Pa' of Household Users 

Abiit c pba'±yt a wllngnsopyo oshl sri much~ dependent 

on ouehod ncme~t uch linformation, as thatsapren srm available 
_hr~r 
 ey~ag ubro present ruahueodusers with both the

adbili ty and w Ili gqe s-s__. aprsen _ ari ,n-onc-on.cag ; Ms 

p reb o a g 7 p e r c7n tnar e r"p t n t a r-u rh u s e ho l d usersund e 

exitin a~o helumpinessa poic prblm '~r of the costs ofconnection 
.. (oficalunoficil")as iomitial internal wiring costs.nd ellas the 
Unde exstig
plicesconectonsare scarce, there is
a considerable.
 
quee, ndunofical"chagesareoften quite large. For average income
houetold,he ocl frs cotscan represent 10 to 15 percent of annualI/

annual income lwel bnoen hehod the totcal first costs can be 20 pei'cent of Jannul icomewel beondthecapability of households to pay withoutU 
credit. Provision of credit for all consumer capital costs (including

incernql wiring, 'particularly for low income households) 
or another mechanism.
 
to 
integrate these' costs as part of the monthly bill should be considered se
discussion in Section 3.6.3 below.)
 

Given the importance of achieving a greater degree of financial if not

economic cost recovery by WAPDA, an important issue is whether s'o'me household 
users- have the capacity and willingness 'to pay tariffs that are much higher.
The financial analysis suggests that high and middle _-ncome households have
 
the willingness to pay tariffs that would cover 
WAPDA's full financial costs,

although this does. not appear to che~case for lowbe income households. 
Independent of possible tariff increases, in light of their limited financial
 
capability,'' special tariff and connection policies should be implemented for
low income households in any case (see discussion in Section 3.6 below). 
 Highn

and middle income households may be able to pay higher tariffs because the
 
increased costs are 
less than their discretionary expenditures, as estimated
 
from the 1984-85 households expenditure survey (Ref 141). 

3.5.3 Ability and Willingness to Pay of Rural Industry and Commercial Users
 

As in the case of other users, clievidence from exisciag connections 
indicates both the capacity and: willingness to pay at present crfsamong
these user groups and the financial analysis reinforces this evidence. Again
as with the oti-,;r users, an important issue is whether rural industry and 
commercial usersr-4i ve the capacity and willingness,to pay tariffs and 
connection costs that are 
higher. For these users, WAPDA is already achieving
 
more than full financial -cost recovery. To, cover economic costs would,. j .however, require higher tariffs and the financial analysis suggesC chat these 
users have the capacity to Lear some increase in tariffs to close ther gap -between current ,criffs and chose which would cover ul economic Cos Cs . 
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3.. Svntnesis ). Analysis Issues and nferences for Needed Policy Changes 

This section incegra-Las the findings of tne master plan preparation
 

study. This integration draws not just from the results summarized in this 

also also from previous chapters as well as the results presentedcnapter but 


in Chapters 4 and 5. This synthesis of issues suggests needed policy
 

cnanges. Many or :ne policies are interrelated, but for the purposes of
 

are separated and presented
presen:ation, suggestions regarding these changes 


with respect to:
 

L. polici.es regarding intenslfication (backfill in existing villages) 

versus extending tne system to new villages;
 

2. consumer 	 connect:on policy; 

3. tariff 'aoliz';
 

4. subsidy policy;
 

5. village/settlement sel-ction policy; and
 

6. t0-hnical standards, and design and supply alternatives.
 

should
The proposed new institutional structures through which these changes 


be implemented were outlined in ChapLer 2.
 

New ViLlages
3.6.1 Intensification Versus Expansion to 


The future policy of cne RE program, reflecting both equity and economic
 

erficiency criteria, would emphasize intensification (backfill in electrified
 

new villages. This
villages) as opposed to primarily extending the system to 


program which provides few resources for newis different from the existing 
The characteristics
connections -n viLLages'settlemencs already electrified. 


of tne policy to empnasize backfill would include:
 

reviewed), half
 
-. ocatng, 	 at east foc :ne fi:s I ,ears (and :nen 

e .E nudge: :or backzi-. 

2. 	 The :ac.&fil nudget policy is to emphasize connecting households, 

and industry Located witnin the settlement but notcommerce 

zubewells.
 

3. 7n1s policy i: to be complemented oy the consumer connection policy
 

cne
changes (items i to 7 in Section 3.6.2 below) and 

in
vlae/settemen c cunnecion polizy changes .-tems L co 3 

Sec::on >.f.} below). 

incou;sc undr DistributionAt pres,2:,ne Fi A l i:at[,rn budget is 
is a necessity for Lntens L:cat ion of the

Renaoiltaion. Reoasitzufl 

inveszments. unds -or rerabilication should
rural system, r uirtng major 

to the scope of the intensirication. program.
therefore be iInKed 
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3.6.2 Consumer Connection Policy
 

The consumer connection policy for the 
future RE program balances equity
 
criteria with minimum financial solvency criteria and would include:
 

I. Minimum household target connections of at Least I percent of cne 
households -n 311 eleccrif:ed villagesisectLemencs; cnis cargec to 
noid -or both newly eleccrified villagesisettlements and tne 
increased backfill component of one program (see Section 3.b.1 
acove).. his carget is set to achieve equity goals of connections
 
to all nousenoLds. This policy should be coordinated with item '4.
 
ano item 1. in Section 3.6.3 belcw sucn triat afforaaDiliy co low
 
income housenolds is ensured.
 

2. Adequace fnds and maceridls (meters etc.) available to meet the 7o 
percent cargets so tnac service connections become "i.ss scarce" ara 
hence Less Likely to require "unofriciai" payments. 

3. Expansion of surveillance accivities 
to monitor connection
 
procedures and minimize "unofficial" connection payments.
 

4. Introduction of an the RE 	 first costaddition 	to program of 
a zero 

(service connection) option aimed at low income households. 
 This
 
program wouiLd finance 
(either through loans or special tariffs) the
 
costs of both the 
service and internal wiring including light
 
fixtures. -his policy would be complemented and reinforced with che
 
introduction of a "rural lifeline" tariff category (see item I in
 
Section 	3.6.3 below). rhis option would only be available to
 
customers wich currenc-limiced service.
 

5. Requirements chac all new tubeweli connections be required co:
 
i. 	 be fitced wich capacitors for power factor correction or 

connection is disallowed;
 
ii. 	 adopt tne reinforcing new tariff category D-LM tsee it:em 2
 

in Section 3.6.3 below) and be ficced with cthe necessary 
load management and metering equipment, connection isor 

disallowed;
 

iii. 	 bear the full cost if connection partial finance -will oe
 
an option under tne new tariff);
 

6. An absolutely immediate crash program of fitid cesting of tubewell 
load management complemented by the program outlined in 7.
 
immediately below.
 

7. Design and implementation of i recrofit program to accomplisn tne 

equivalent of item 5. immediately above, to cover all existing
 
electrical cubewells within the next 5 years, i.e. during 
one 7cn
 
Plan period.
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Application Procedures
 

The current imbalance between backfill versus extension to 
new
 
villages/settlements and general lack of materials and related for
resources 

service connections in general produces a high scarcity value on service
 
connections and a very large queue of customers 
waiting for service. As
 
mentioned elsewnere the scarcity value often leads 
to unofficial payments not
 
captured by WAPDA. 
The lack of materials and inability to respond to
 
potential customers leads to many delays.
 

Fundamental problems are the lack of materials and resources for backfill 
connections and insufficient resources, materials and coordination in the case 
of newly electrified villages. Furthermore, when connections are available, 
there is tne need to assist some customers with financing connection costs. 

The application for service process should be shorter in time, less open

to incen:ives :or uE.official payments, but not necessarily simpler overall.
 
Prior to electrificatcon, ail 
 potential customers should be canvassed,
 
regarding tneir interests in having service and of 
which category including
 
the new lifeline category. Deposits should be taken only when the needed
 
resources are available so that service can be provided quickly. In case
the 

of new villages or Large village 
backfill programs, this village-wide activity
 
should take place in a brief period of time.
 

The existing application procedure should be simplified to include the
 
following :
 

(i) Any applicant may apply for connection through deposit of a fixed
 
connection fee in any commercial bank. Upon receipt of money, the
 
customer should be provided with 
a receipt and priority number by the
 
concerned 
division immediately after receipt of applications from the
 
bank.
 

(2) 	Flat rates for connections should be fixed for tifferent types of
 
connections, current 
ratings and distance rrom :ne distrioution line.
 

'3) ne 7zianning engineer snould prepare technical plans for 
:ne
 
cnnec:tons and 
estimate of material for all connections. Customers
 

wno are too far away and do not fall under existris classifications
 
of distance should be treated as special cases. In all other cases a
 
work order snould be preparec and material requisitioned wicnin a
 
specified time. Separate procedures should be developed for the
 
special cases.
 

(4) 	The customers shoulc be nfh=-ed anout tnt 
cost estimate anc Last
 
date for deposit of tne cost of connecclon. Lpon receipt of tne
 
connection cost the customer snoucd infDrmec aDout the
De date when 
zonnection will be given. 
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(5) For all activlties specific dates should be given.
 

(6) Simplification in the procedure should be 
studied in detail through
 
interviews witn customers as 
well as WAPDA staff. More detailed
 
analysts and field studies are needed 
co evolve connec:ion a
 
procecure wncn is free from problems.
 

A smail stu'3C7 Ls needed to determine if responses on applicaticn forms 
match the actuai appliance and electricity use patterns after connection, :o
 
determine Lt the application should be changed or simplified. 
 On tne other
 
hand, additional data may be 
collected during the application process, tor
 
Load and otner 
research efforts. These data may include tne size of the
 
nousenoid, or rne numoer )f rooms in the house. 

3 .6.3 fariff Pollcles
 

The 
tariff 	polizies snould reflect financial, economic and equi7 criteria
 
and must be considered in conjunction with the subsidy policies. The
 
objectives of cne tariff policies should include a minimum target of
 
financial solvency for the rural component of the supplier (WAPDA) via
 
immediate tariff changes. 
 The equity criteria should be reflected in both the
 
tariff design for low income 
households and if needed the coiplementary 
oudgetary transfers from Government to WAPDA. Economic criteria should also 
be reflected in the longer term direction of tariff changes. Currently,
 
tariff cnanges are the subject of:
 

i. ongoing WAPDA tariff rationalization planning efforts; and,
 

ii. a 	tariff study financed by the Asian Development 3ank.
 

The tariff changes outlined in the points immediately below may need to be 
modified in light of the results of 
these two ongoing efforts. 3ased on the
 
master plan preparation, the following changes are needed:
 

1. Lntrod',ction of 
a new household tariff and service connection category
 
(see item 4 in Section 3.6.2 above). This tariff, referred to as a
"rural 	lifeline" tariff and 
service connect:ion option would be aimea 
-t
 
low income households. The tariff and service would be characterized 
as follows:
 
I. 	 current limi.ted service of up to a maximum of 0.2 KW; and 
ii. 	 uametered monthly flat rate tariff (to be further studied) but 

the the monthly charge would be based on a use rate of about 200 
kwh per year. Use of 200 kwh/year is very approximately based
 
on 2 to 3 lignt sources and I to 2 fans. Load research and 
pilot programs could be used 
to determine the specifics of tnis 
tariff. 

iii. 	 The cost of the service connection, Lnternal wiring and basic 
light fixtures should be covered by a monthly financing program 
in order to increase customer penetration. The initial Large
 
cost should be eliminated if necessary t, avoid inhibicing
 
connections.
 

iv. The purpose of the flat rate and :ne current Limiter is to
 
develop the lowest cost type of connection so as to minimize the
 
financial and administrative burden on WAPDA while attaining 
high household peaetration rates.
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2. Revision of the cubewell tariff 
structure (to be studied further
 
immediately) to:

i. 	 Complement the 
new connection and retrofit policy (items 5. and
 

7. in Section 3.6.2 above).

ii. 	 Eliminate the flat 
rate option.

iii. 	 Introduce a new tariff category D-L (Load Managed) for the
 

only 
 new tubewell connections to be allowed (see item 2 in

Section 3.6.2 above) this tariff 
to cover at a minimum WAPDA's

full financial costs (recurrent and fixed); 
this tariff to also
be applicable for the future "retrofitted" connections.
 

iv. 
 Increase the charges in tariff category D such that:
 
the energy charges cover at
a. 	 a minimum full recurrent
 
financial cost 
to WAPDA; and
 

b. 	 the capacity charge covers 
at a minimum full fixed
 
(capacity) financial cost 
to WAPDA.


V. 	 Introduce other changes 
to complement 
the changes in connection
policies (see 
item 5 	in Section 3.6.2 above); 
this 	will require,
in the 	case of a loan, an additional monthly loan repayment fee.
 

3. Increase all (but 
the new "lifeline") household tariffs:

i. 	 to recover a greater degree of 
the financial 
coszs of service;

ii. 	 to capture higher income ability by having 
an increasing block
 

structure* and,

iii. 	 so that commercial and small industry users have no incentive to 

use this category. 

4. Plan and implement continuing examination and revision of rural
 
tariffs. Such program to aim to increasing all tariffs 
over 	time

(except the rural-lifeline) towards 
economic tariffs if 
consumer
 
capacity to 
pay is 	adequate.
 

Improved Revenue Collection
 

There are steps can be to
that taken improve revenue collection:
 

I. The 	introduction of the current-limited rural lifeline 
rate should
 
improve net revenue 
collection. 
Since this is a flat monthly rate
there is no meter 
reading hence lower administrative costs.
 

2. For 	other categories of service, bimonthly meter reading should also
 
increase net collection by decreasing collection costs.
 

3. The 
tariff change discussed above (increased tariffs for high household
 
consumption rate 
blocks) will prevent small commercial users from using

the household category, and hence improve 
revenues.
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4. 	 The most Lmportanc mechanisms for improved revenue collection are an
 
4negraced strategy of 
more effective surveillance and enforcement 
of
 
disconnection procedures. 
 Such approaches should be complemented by a
 
better understanding of the rural load at 
cne customer, village and
 
feeder levels. 
 With the advent of computerized customer records, there
 
are straignt forward approaches to compare actual 
loads and revenues co
 
estimaCeU 
oaas and revenues. Comparisons w-lll allow idencificacion of
 
discrepancies and ).osses, and 
will allow a better targeting of
 
surveillance efforts. 
 To 	assist in cnas 
process, better information to 
allow prediczLon of customer use is needed; such informacion includes
 
ow-nersnip or eieccricai equipment 
and appilances, 
ind can come from
 
survevs undertaken for otner 
purposes.
 

3.o. 4 Subsidy Policies 

As 	in the case 3f -ariff olicies, subsidy poicies will ieed :: be 
consistent with tne 
)cner ongoing studies. Subsidy policies should extend
 
beyond che tariff 
policies. In complement with the 
tariff policy, the subsidy

policy should be aimed at achieving overall financial solvency of 
tne rural
 
component )f '4A-PDA defined 
as 	a reasonable financial return 
on 	assets. The
 
subsidy policy should 
have the addicional focus of minimizing the cross
 
subsidies. 7he subsidy policy must be based 
on 	detailed cost accounting so
 
chat the cost of 
rural electrification is clearly discernible on a very

disaggregaced basis. 
 The subsidy polices will need additional analysis as
 
rural electrification cost 
accounting procedures are implemented. But certain
 
changes are needed:
 

I. 	Implementation of rural electrificacion cost accounting (mentioned 
ini:ially it Chapter 2) to allow detailed estimation of tne full
 
financial costs of 
rural electrification. 
 It is desirable and feasible
 
that all relevant 
costs should be allocated separately to the rural
 
system, including energy charges (metered at 
feeders) witn full
 
recurrent 
and capital cost accounting.
 

?' 	 TLmplemenc an annual recurrent costs buagetary transfer from Government 
tc WAPDA to cover financial losses now incurred from rural system 
operation. The financial principle should be introduced now. The 
cecails of the policy will require additional analysis and initial cost
 
accounting efforts (item I above). 
 Necessary transfers to cover the
 
subsidy should decrease as 
the needed tariff policy changes (items 2
 
and 3 in Section 3.6.3 above) are implemented. Initially the 
transfers
 
will be on a national estimate basis. 
 As tne detailed rural system
 
cost accounting systems are developed and 
Lmplemenced by the new
 
headquarters REO and the AEBs, the necessary recurrent 
budget subsidies
 
should be pinpointed down 
to 	division level in Distribution.
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3.o.5 Viage/Settiement Selection Polic;
 

The village/settlement connection policies should combine both economic
 
and equity criteria. The approaches are an immediat, extension of 
planning

work that is being ione to some degree in t.ie AEBs. The technical and
 
financial aspects of tnis approacn should be a regular part 
of utility
 
management. The suggested economic analysis 
is similar and in some aspects
 
simpler 
tnan nas been done in tne past to examine some internationally

financed E projects in Pakistan. The important changes/revisions to policy
 

1. Immediate compLeti on tne
of viiage/settlement data 
base to allow
 
application of "ne area pianning village/settlement to go forward in
 
all AEBs.
 

2. initial 'nex: year) allocation of tne National RE 
budgets to the

Provinces and ailocation or tne Provinces' RE 
budgets to its districts
 
in accordance w:tn the 
procedure (or simple modification) which weigns

rural pop-..ation and development potential. Undertake a 
study of
 
possible revisions to 
te allocation procedures to districts for use in
 
subsequent budgets.
 

3. Select (i) unelectrified settlements in 
villages which have had at
 
least one settlement 
electrified and (ii) villages/settlements in
 
uneleccrified villages by the area 
planning analysis method detailed in
 
Chapter 4. investments in villages/settlements (or clusters of
 
villages/settlements) 
to be selected starting from the hignest economic
 
Benefit/ost (B/C) ratio (even if less 
than i) and proceeding in the
 
order of decreasing B/C 
until :ne area budget is exhausted. The RE
 
costs per village will be 
a function of a village's location relative
 
to both the grid and to other villages. The RE benefits will be a
 
function of 
the types and numbers of potential customers.
 

3.b. Technical Standards and 
Suaolv Alternatives Policies
 

The policies with respect to technical designs and standards and supply

alterna:ives must reflect 
 echnizcal options evaluated 
In the i"gnt of economi_
 
costs anc renefits. These policzies snould achieve ,oal
a of naving a
 
"Pakistani solutions to tne Dronlems of 
RE in Pakistan" by d-aing as 
mucn -s
 
possi le on tne past experience ootn In Pakistan and 
otner countries ani:n
 
nave addressed similar problems. The policy changes needed 
include:
 

1. Immediate issuance of 
a set of preliminary tecnnical standards 
and
 
guidelines to tne AEBs (based on the work of 
CF,-e. :;upprrting
 

.. .. .. A iL.-vement or cost redc:.ors Dn the
.tle 


order of 30 percent
 
2. The incorporation or :nese ;uidelines (i.em I 
 aenaIv in the
above) 


tecnnical aspects or area planning (see iztm 3 In Dec:n o. 
 above)

and in tne %-york order impementatcion procedures 
fir I ' age,
 
settlement Lnvestmc-ii prject preparation and 
 c
 

3. Start of ongoing furctner 
studies to develop final :ecnnical design,
 
standards, and 
procedures guidelines fo: the AEBs.
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3.7 Summary
 

3.7.1 Backfill Versus Expansion to New Villages
 

The future poLc'y of :ne u program, reflecting -ori equL-. Ind _conomic
 
efficienc, criter-a, 
 would emphasize intensificac,.on , dci .>a
 
elecrifeu 'i....,ges) as opposed to primar'ly ext.nding 'ne system to ne%4
 
villages. .ThLS is ditferenc trom the exist:ng 
 program 4nicn provides

inadequate resour-es -or new connections .7 vilages settlements aireac "
 
Qleccrif ed. The cnaracceristics of the poliC Co empnasL-e bacKiLl 
 .'ould
 
include:
 

1. 	I[!ocacng ':t Leaist f r :a'fzne fi stsc 3 years, inc :.,,a -*le'"ed) 
tne uE fDr ,ac-kfLi.u c 


2. 	Tne bac-::_ tuage- c;i i)o vI empnas ze connec:~g nuuseno-Is, 
commerce LaInausrrv ocate( wicnin cne set. lement, out not 
tubewei.s oecause of :neir currently nighiy subsidized position ana
 
che avali aoii. of an alternative energy source.
 

3. 	 This policy is to be complemented by the consumer connection policy 
changes. 

3.7.2 Consumer Connection Polic
 

The consumer connection policy for the future RE program balances equity
 
criteria with minimum financial solvency criceria and would include:
 

I. Minimum nousenold target connections of perhaps 70 percent of the 
households in all eleccrified villages/settlements; tnis target will 
hold for both newly electrified villages/settlements and tne
 
increased backfill component of the program. 
 This target is set to
 
achieve equity goals of connections to households.all Th.l policy
should be coordinated witn item ,. below in order .nat affordabilit7 
co low income housenolas is assure.= 

2. Adequate funds and materials (connection cables, meters :-c.) to be
 
made available to meet the penetration cadgets. ..nis wil reduce
 
the scarcity of service connections and ience recuce anofricial
 
payments.
 

3. 	 Expansion of surveillance accivities to monitor conneczion 
';;ocedures and minimize unofficial connec-:.on payments. 

4. 	Intcroduccion of in addition 
to the RE program Jf a zero first cost
 
(service connectcon) option aimed 
at Low income nousenoids. This
 
program would finance (either througn loans 
)r zpeciai .fixedcharge
 
tariffs) both service and internal wiring and Lignt ftixture costs.
 
This policy would be complemented and reinforced wcn tne
 
introduction of a "rural 
Lifeline" tariff category. -his option
 
would only be available to customers witn currenc-Lmiec service.
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5. Requirements that all 
new tubewell connections be required to:
 

i. 	 be fitted with capacitors for power factor correction;

ii. 	 adopt the reinforcing new tariff category D-LU and be
 

fitted with the necessary load management and metering
 
equipment;


iii. 	 bear the full cost of connection (partial finance will be
 
an option under the new tariff);
 

6. An immediare crash program of implementing load management on all
 
existing tubewells including the development of a retrofit program

to 
accomplish the equivalent of number 5 immediately above, within
 
the next 5 years, i.e. during the 7th Plan period.
 

3.7.3 Tariff Policies
 

The tariff policies should reflect financial, economic and equity criteri
and must be considered in conjunction with the subsidy policies. 
 The
 
objectives of the tariff policies should include a minimum target of
 
financial solvency for the rural component of the supplier (WAPDA) via

immediate tariff changes. 
 The equity criteria should be reflected in both th
 
tariff design for low income households and the complementary budgetary

transfers from Government to WAPDA. Economic criteria should also be
 
reflected in the longer term development of tariff changes. Currently, tarif
 
changes are the subject of:
 

i. ongoing WAPDA tariff rationalization planning projects; and,
 

ii. a tariff study financed by the Asian Development Bank.
 

The tariff changes outlined immediately below may need to be modified in ligh

of the results of these two ongoing projects. Based on the master plan

preparation, the following changes 
are needed:
 

i. Introduction of a new househol-d 
tariff and service connection
 
category. 
 This tariff, referred to as a "rural lifeline" tariff and
 
service connection option would be aimed at 
low income aouseholds. Tht
 
tariff and service would be cnaracterized as follows:
 

i. Current-limited service of up to a maximum of about 0.2 KW; 
and
 
ii. Unmetered montnly flat race 
tariff (to be furtner studied) for
 

which the monthly charge could be based on a use rate of about
 
200 kwh per year. Load research and pilot programs could be
 
used co determine the specifics of this tariff.
 

iii. 	 The cost of the service connection, internal wiring and basic
 
light fixtures should be covered by 
a monthly financing program

in order to increase customer peietration. The initil large
 
cost should be eliminated, if necessary, to avoid inn:.3iting
 
connections.
 

iv. The 	purpose of the flat rate and 
tne current Limiter is to
 
develop t-.e lowest cost type of connection so as to minize the
 
financial and administrative burden on WAPDA while attaining
 
high household penetration rates.
 

3-40
 



2. 	Revision of tne tubewell tariff structure (as an imeciate priority) Co: 

i. Complement the new connection and retrofit policy;

ii. Eliminate the flat rate option;

iii. Introduce a new tariff category D-L (Load Managed) for the 

onli new cubewell c-onneccions to be allowed, this tariff to 
cover at a minimum .4APDA's full f'nancia. costs (recurrent and
 
ri.:ed) and to also apply to 
all -uture "recroritced" connections;
 

iv. Increase the charges in tariff category D such that:
 
a. the energy charges at a minimum cover the full recurrent 

-inanciai cosr to W4APDA; and,
b. :fte capacitv cnarge at a minimun zovers -- e tull zapacit: 

:inanc:ai cost to 4APDA. 
1. lntroouce other .nanges to compLement zne *:anges -n connection 

poti.,ts; this coulz require 
cne provision -nan,- wnicn 
wou-i be repaid :v -n ilditiona. -nontal'; Loan f:eamentmee. 

3. 	Increase jil (but cne new "ifeilne") housenola tariffs:
 

i. to recover a greater degree of mne ffnanciaL cos-s of service;
i. to capture the ability to pay among nigh income aousenoids by


implementing an 
increasing block structare; ant,

iii. to ensure with a progressive tariff that commercmal and small
 

industry users will not have an 	 incentive to use chLs tariff 
category.
 

4. Plan and implement continuing examination and revision of rural
 
tariffs. This review would be aimed ic 
 increasing over :ime, all 
tariffs (except tne rural-Lifeline) cowards economic 'Long run marginal 
cost) tariffs if consumer capacity to pay 1s adequate. 3ucn
 
examination snould consider 
une different impacts on 
:.e four provinces.
 

3.7.4 Subsidv Policies 

As in the case of :ariff policies, subsidy policies wilL '.eed to be 
consistent witn the ocher ongoing studies. Subsidy poLicies snould extend
 
beyond the tariff policies, and in conjunction wicn tne tariff policies,
should be aimed ac achieving overall financial solvency on :ne rural component
of ,APDA by providing reasonable financial returns on -heassets. subsidv
policy should have the additional focus of minimiz-g :ross suosidizatmon and 
must be based on aetailed cost accounting so :.na: "he ,ost )f rural
 
electrificacion is clearly discernible 
on a totally disaggregated basis. The
 
subsidy polices will need contcinuing additional analysis as :ne rural
 
electrificatcon cost accounting procedures are fully imnpemenmea. Some 
changes can be Lmplemented now:
 

I. 	 Enitiace rural eleccrification cost accounting systems to allow
 
detailed estimation of the full financial costs 
)f 	rural
 
electrification, including all capital costs, value )f energy supplied
and sold and all recurrent costs. 
 This will enable rural accounts to 
be prepared for each AEB and a composite account for WA2DA. 
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2. Implement an annual :ecurrent costs budgetary transfer from Governmen
 
to WAPDA to cover the 
identified financial losses 
now incurred from trural electrification system. 
This financial principle should be
.ntroduced now. 
 Necessary transfers 
to cover the subsidy should
decrease as 
the needed tariff 
policy changes are implemented.
Initially the transfers 
will be 
on a national estimace basis. 
 As the
detailed rural system cost accounting systems have
and implemented by 

been fully developi
the new headquarters REO and the AEBs, 
the necessa
recurrent budget 
subsidies should 
be pinpointed at 
all levels in the
 
distribution system.
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Chapter 4
 

Setting Priorities for Investment in Rural Electrification:
 
Problems and A Suggested Approach
 

4.1 Introduction
 

This straregic master plan for rural electrification ha:3, oneas of its 
components, the development ot 
operational criterion arid 
procedures for
 
setting ortortcies for village selection. 
 In effect this means setting

priortiLes for investments in rural electrification by developing a

methodology that wi li reflect the objectives of 
the GOP for investments in

rural electrftcation. The application of this methodology will be a
 
classical sectorat resource problem of 
optimiziig (economically) the
allocation of scarce resources. The Planning Ministry suggests that 
the
approach should be looking for "development with equity" (Draft 7tn FYP, p.52Ref. 127). The planning Literature conventionally converts this goal into one

of 'maxlmtztng economic benefits subject 
to constraints on the distribution of
 
the benefits to different segments of society."
 

In order to reach an economic optimum for rurAl el.ectrificatton (RE)
resource allocat, ton, i.t is necessary to est imarte the economic costs and

benefits of electrification 
 for each village by customer type. Some estimates 
of these benelits were discussed above in Chapter 3 for 
the different customer
 
types. [n principle, thi, information is needed in reasonable detail for each
province in 
the country. Cost analysis was performed to estimate connection,

village and area distribution, and substation costs. 
 To undertake

socioeconomic analysis, it is then required to know the limits to be placed 
upon the social distribution of benefits and costs at the village, provincial,
and national level. 

Based upon such inirjEnation it is possible to devise a constrained
optimization model wouldChat allow for the optimal national allocation of the
rural electrification tund over time. This model would identify the 
individual villages to be electrified as well as the extent of electrification 
in each viilage for- the :;ntire country. Given tile numbers of villages and
settlements and the Fun.-ews of provinces and districts in Pakistan, this willbe a difficult :ask requiring substantial resources. The model approach will
also need to talie Into account the socio-political aspect of RE resource
 
allocation. Economic, uheory does not a widely accepted me.hod
have 
 for

incorporation of 
this aspect. Economic (benefit-cost) analysis addresses the 
issue of how much "we" get, when, and how, but not trich who gets what.Politics, on 
the other hand, focuses on 
who gets what while also effecting
 
when and how.
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Any practical and operational planning analysis of rural electrification
 
has to be able to address all of these dimensions in order to be useful to
 
political decision-makers. Estimating the benefits of rural electrification
 
(the "what" above) is in itself very difficult, as outlined earlier in Chapter
 
3 and detailed in the Appendices. The "when" and tie -how- of RE depend to a 
large extent on the administrative and political culture. In tis plan, an 
attempt is made to define criteria and planning and implementation procedures 
to make the answers to "when" and "how" more orderly and cost effective. But 
those involved in the rural electrification planning process (such as those
 
who worked on this master plan and those responsible for subsequent
 
implementation) should remember that the nature of the administrative and 
political cultures are also important to the final allocation of benefits.
 

4.2 	 A Seep Wiste Prceduuto or Setting RE Investment Priorities 

The objective is to lievise a method for allocating investment resources to 
RE. There are many ways of proceeding with such a problem, but the master 
planning approacti has embraced the virtue of simplicity. It was decided not 
to use compilcatLd economic models while at the same time not to abandon 
economic princip lws. The planning approach was soelected incorporating the 
following criter:.: 

1. 	 it should not require too much data or complex models fur the 
analysis. Any data whicn is required should be available or 
immediately collectible. 

ii. 	 The planning procedures should be straight forward enough to be 
applied by field staff (with assistance and guidance from WAPDA 
ne.adqua rrce s Ald Others). 

This approach will result in having a workabie, formalized set of 
procedures and criteria available for decision-making on investment priorities 
at all levels. There will also be a detailed Instruction/reference manual for 
field staff engaged on area mapping, design, costing, planning and selection 
procedures. 

In order to incorporate both economic and dolitical inputs to the RE 
investment priorities for village selection, a two part process in 
recommended. The first part - budget allocation - is a set of procedures for 
allocating budgets from the Federal Government to the Provinces and then from 
tne Provinces to the districts and/or tehsils. The second part - village 
ranking and selection within the district and/or tehsil budget allocations 
is a planning procedure which ranks village-levei invsrnents on an area or 
:Luster hasi.s u0sing boneruticosc anlysis. 

M.he .,t J:,r* o r buaget ,-LocaniOns from the ruderal o provincial level 

should 1 consider 	 currentbe s tidudie o ,lternacives to the one. Soam 
alternatives that should be conside red are rural population, numbers of rural 
villages, or numbers of un-electilfled rural vlilages. 
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The proposed procedure for the budget allocation from provinces to 
districts is based on the rural population and the development potential in 
each district. The development potential would serve as an indicator of the 
additional benefits possible from electrification due to the prior existence
 
of other district infrastructure such as markets, credit, literacy, roads, and 
industry.
 

This step-wise procedure is based upon judgements about the adminisLrazive 
and political environment and upon availability of data. Budget allocations 
and actual vilLage selection should be impitmented by the appropriate 
national, prc;vlnciai, or local governments, while WAPDA (in the REO or AEB's) 
will conduct most of the necessary cost, benefit, demand, and otner cechnical
 
computations in cooperation with government agencies. This procedure is
 
discussed in detail in the following section of this Chapter.
 

The application of economic principles is tempered by political and
 
bureaucratLc cons iderations. In the illustrative application for tnis master 
plan report, economic data and analysis for benefit-related parameters were
 
prepared by the master plan team to be used in the area planning procedures. 
These parameter estimates could be used in initial appiications of the
 
procedures. However, as discussed earlier one of the functions of the new REO
 
would be to revise these estimates as well as to provide guidance to the field
 
:eams which would undertake the area planning step of the investment planning 
procedure.
 

The planning steps for the budget allocation are to be implemented at 
three levels of government -- the federal government, the provincial 
6overnments, and the districts/tehsils. There is an appropriate step of the 
investment analysis at each of these level.s of government based upon the
 
special concerns of each level. The Federal Government is interested in the
 
broad allocation of the resources among the provinces and ha5 particular
 
concern over regional disparities in income and infrastructure. At the
 
provincial level, major concernj are also with issues of inter-class and
 
urban/rural differences as well as with regional deveLopment disparities. The
 
provinces are the major implementors of development policy and hence concern 
themselves wich development issues. As WAPDA is the executing agency for RE, 
the area re-planning procedure (and implementation) at the provincial district 
level will eventually be by the particular WAPDA-AEB organization which covers 
that district.
 

At the district level, area issues are salient because the RE projects
 
have to have specific locations. This spatial dimension is one of the
 
technological imperatives of RE that leads to intense political int:rest at
 
the district level. This does not mean, however, that politics is not a major
 
determinant of the outcomes at the two higher levels.
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There is another distinguishing fearure of 
the proposed planning

procedure that is unique and needs 
some explaining. The village ranking and
selection procedure does not explicitly exclude regionq, districts, 
or
villages from consideration for RE solely on the basis of distance from a gridstation or 
from a distribution 
line. Social, political, and economic rational
together should dictate 
the choice of 
which villages should be electrified,
not just a narrow 
technical criteria. Excluding areas on the basis of
distance from grid facilities may eliminate 
areas and villages that could 
be
attractive fo electrification either from the grid or from successfullyelectrified using decentralized options. 
 The decentralized options should
receive consideration alongside 
the conventional grid options, 
and be
 
evaluated based upon the 
same criteria.
 

4.3 Budget ALilocatiu the 
Federal Government 
to the Provinces
 

Allocation of 
resources among major entities, 
such as states in the United
States or provinces in Pakistan, is 
a highly political activity. In the
United States it is 
often difficult to 
reach a compromise other than on 
 oased
 upon the relative population size of tne 
states. Such compromises are
reasonable given the 
nature 
of the funding for programs based upon federal
 
taxes wnich are 
highly influenced by the absolute sizes of 
the states'
populatlons. Some sort of 
population weighting is for central allocation of
funds to thn 
 provinces for RE in Pakistan. 


7 This approach is implied in the
Draft tn FYP and 
the Accelerated Rural Electrification Plan (Ref. 27). 
 The

allocation of some central-provincial financial programs in 
Pakistan appear to
be based upon a population formula which allocates 90% of the 
funds to the
provinces based upon their 
total population and the remaining 10% is split

evenly between Baluchistan and NWFP in addition to 
their proportionate share
 
of the first 90%.
 

For rural development programs, many other population weighted algorithms

suggest themselves. 
 Table 4.3-1 shows some of 
the relevant provincial data
dealing with RE. 
 The basic data used in this table are 
drawn from the
Accelerated Rural Electrification Program. 
Table 4.3-2 shows what would
happen if 100 unics of capital expenditures were allocated 
to che provinces
for RE based upon 
several different population based weighting schemes.
Column 1 snows the allocation based upon the policy for financial allocations

of tne Federai Government with 5% each 
to NWFP and Baluchistan and the
remaining 90% to 
all provinces proportional. to their total This
population.

is labelled 
the "recent policy" (from the standpoint of RE). Column 2 shows
an 
allocation directly proportional to the 
rural population alone. 
 In column

3 is an 
allocation directly proportional to 
the numbers of non-electrified
villages (taken from the Proforma PC-I (Ref 72)) 
as reported. Column 4 shows

the results when this allocation is weighted by estimate
an of the size of the
rural population. Finally, column 5 reports 
the proportions implicit 
in the
Accelerated Rural Electrification Plan, which may bz 
a~sumed to be the current
 
federal policy for RE. 
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If data were avatable, ochlr alloca tons could he examined. 'or example, 
if data on non-electrified rural population or on elecrtrified settlements were 
available, allocations based upon chum cou id be exam i ,ed .And compar,:d to the 
others in Table 4.3-2. Other mephods could he based ,upon the low income 
population weighted by the coscs of electrifying tch;ieviLi nmoS. [ihkiWoUld 
incorporate both the cost and benefic sides. 

The results of ible 4.3-2 are iiAitl, disconcercing: depnd n ,upon 
which algorithm is chosen the individual provLnces would receive widely 
differing percentages f the total budget. For example, the "recent- federal 
policy would consistently allocate substantially less funds to the Punjab than
 
any of the other algorithms which ret lect either rural population or rural
 
electrification needs or some combination o both. Conversely, the "recent"
 
allocation favors the Sind, NWFP, and Baluchistan over any of the competing
 
allocations.
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---------------------- - -------------------------------- 

[ABLE 4.3-i
 

PRO VIHC _IA ELEC TRIF14i D ONRURAL cA I IO-a 

hIion No. No. -----. 1991 TAGET -.....
 
Rural Vill. Viii. Hum. Viii. Outlay Cost per Total Urban
 

PROVIJCE Pop. 81 1981 Elect.81 Electrif. Percent !Vill. Rs Populatn.Percent
 

FUNJAB 34.14 25399 9780 12108 63 927000 4711b 
 281
 
SIND i0.B1 5763 2541 2642 10 697000 18966 431
 
NWFP 9.25 7809 1404 5294 15 508000 10885 151
 
BALUCHISTAN 3.65 6110 	 6B 4341 10 391000 4305 
 151
 
FAIA 2.17 1456 	 728 521 2 60000 2175 01 

---.------------------------

o0.02 46537 15139 	 24906 1001 83782 28Z 

Source: Rei 21
 

TABLE 4.3-2
 

ALLOCATIONS USING DIFFERENT ALGORITHMS
 
And Differences with 1991 Targets
 

(1) 	 2) (3) (4) (51 

Percent of 
Fercent of All Non- Using Both Percent of 

Recent Percent Rural Percent Electr. Percent Pop and Percent Total
 
PROViNICE Policy Differ., Popula. Differ., Vili.;ges Differ.' Nion-E ec Differ.' Popfla.
 

PUfJ[ir 51 -19 57 -10 61 -3 87 39 5I 
SINDO 

flFP 

DALUCHISIAli 

20 

17 

10 

100 

13 

0 

ID 

15 

6 

g0 

3 

-39 

14 

12 

a 

45 

-22 

-18 

7 -35 

5 -70 

I -87 

20 

17 

10 
FAIA 2 0 4 BI 4 117 0 -80 2 
.......................................................................................... . 

100 No0 100 1H,0 100 

Percentage difference with 1991 target outlays
 

(See Table 4.3-I)
 

ii) 904 total funds allocated 	on basis of total population 

plus 51 each to Baluchistan and NWFP.
 
i2)Directly proportional to rural population.
 

i3)Directly proportional to the number of non-electrified villages.
 
(41Directly proportional to the product of rural population and the
 

number of non-electrified villages.
 
i")Prime Minister's target for 1991.
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4.4 Budget Allocation 11: the Provinces to 
the Districts (and Tehsils)
 

There are several reasons why the illocation of the resources for RE among
the districts of a given province shuld explicitly reflect the relative 
economic and social development benefits of RE. One reason is that tle
 
Provincial Governments set much of the development policy with respect to
 
utilization of government 
resources for infrastructure. Another reason is 
that it is easier to examine the effects of complementary investments at the
 
district level than at 
the federal level because rhey can be more easily

identified. In addition, there 
is more homogeneity within distrcCts than
 
between them; hence, social 
poliKies aimed at poor and disadvantaged groups
 
are easier to target at the district level. (It should be borne in mind,

however, that RE is not 
the only mechan'Lsm > income or benefit
 
redistribution, nor is it the most efficient. .Lchanism.)
 

The provincial governments may have difftring relative social and/or

development objectives and differing strategies 
on how to use rural
 
electrification to meet 
these objectives. Ruril electrification may be a more
 
important complementary infrastructure Jnvesrment 
Input in certain districts 
due to their development potential (such 
is deep groundwater). In
 
Baluchistan, for example, rural electrification is one of the key

infrastructure inputs in the 
integrated valley development program which Is a
 
key component of the Provincial Government Development Strategy.
 

Reflecting these differing objectives, the provinces should allocate RE 
funds received from the Federal Government based upon broad indicators of
 
expected economic and social 
benefits together with the costs of supply and
 
indicators of previously low levels of RE. 
 It is recommended that the
 
indicators be based upon rural population size, its density, actual and
 
potential economic activity in 
the district, and the current levels of RE.
 
The specification of these indicators will require additional study and
 
analysis. The 
indicators may differ amongst provinces. Unfortunately, as
 
stated earlier (Section 3.3.2), there has been 
no recent quantitative ex-post

analysis of electrified villages or other bases for quantitative estimation of
 
complementary benefits. 1 
 Such study and analysis should be an immediate
 
priority as discussed in Chapter 6.
 

4.4.1 Alternative Allocations as Examples Only
 

If, for example, the Provincial Government has 
a development objective
 
that defines rural electrification benefits as flowing largely from the
 

I. Nor have there been many detailed a priori integrated development studies
 
which estimate total input costs and determine direct and indirect benefits
 
and which would allow inferences of what portion of benefits might be
 
allocated to rural electrification. For example, the integrated valley

development schemes in Baluchistan have not received such detailed study.
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complementarity of investments in other such
areas as credit, roads,
 
education, and overall local development potential; 
this should be reflected
 
in an allocation of 
RE funds. An example of the allocation indices discussed
 
could be derived from data presented in an existing 1984 study by Pasha and
 
lfasan chat has looked at this issue (Ref 45). Their study was 
based upon 27
 
indices of development 
obtained from readily available district statistics
 
(see Appendi:< L). ['heir data was drawn from 
all of the districts in the
 
nation. it is recommended that a similar study be carried out 
 at the
 
provincial level. 'he advantage of the approach of Pasha and Hlasan is that it 
reduces a complex imultidimensional problem to a manageable task. 

If such anLndex of development potential is estimated for each district 
within a Iprovince, then it could be used as an index of complementary
 
investments. [able 4.4-i 
shows an example of how this approach could be used 
to allucAte ihe Federally supplied investment funds in tie Sind. An 
Ii.llstLtve index of comp lementary investments based UpOl the Pasha and

Ilasan ', data WaS used. These data must be updated, and maybe refined, before 
tie LludUx could be tused as a basis for actual allocation of resources. The
 
Indices should aisu 
weighL tile traditional concerns of the provincial 
governments -- backward rural areas, non-electrIfied areas, etc., with
 
concerns for economic and social development. The cable depicts three 
examples only of possible distributions 
of the RE funds to the districts of
 
Sind. The first, shown 
in column 1, is a fairly traditional one based purely
 
on rural population. The second, shown in column 2, is 
a 30%-70% split

between rural population and the development index. Column 3 shows 
an
 
allocation weighted 50% on rural population and 50% on the development index.
 
Other rural 
equity concerns, such as numbers of nn-electrified villages, have
 
not been considered In this simple, illustrative example because these data
 
were not readily available. It is important, however, 
to utilize measures of
 
RE if the procedure is to be 
used to make actual allocations.
 

The table 
shows how sensitive the allocation procedure is to the weights 
on complementary Inputs. For example, based upon rural population Karachi 
District is 
ranked Lith in allocated funds but 
a 30% weight on the develo'menr.
 
index moves 
it up to first place. Note, however, that Hlyderabad DIstric,.

ranked highly 
in each of three cases. 
 In other words, Karachi District tids
 
easy access to the development infrastructure but has a small rural
 
population. liderabad District, 
on 
the other hand, has good access to
 
development Infrastructure and a large 
rural population. This looks Ii..: a
 
very good place to 
implement RE under any weighting of the indices. Indeed,
 
as a general rule-of-thumb a sensitivity analysis 
on the weights .sed in the
 
procedure should 
allow the identification of districts that 
are good

locations for investment regardless of the Index weights.
 

The above analysis could be repeated with 
a weighted sum of the
 
development index and 
other relevant indices 
of RE need such as population in
 
non-electrified areas, 
or the number of non-electrified villages. Work on such
 
allocation alternatives should involve the 
Provincial Governmencs.
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IABLE 4.4-1
 

SENSITIVIfY OF ALLOCAIION 
TO RELATIVE WEISIS.OF RURAL FOFULIIOQ 

and 

INDEX OF COMPLEMENTARY INVESTMENIS 

ALLOCATION ALLOCATION I ALLOCATION 
SIND Based On Based On I 301 701 501 501 

Adjust I Rank I Rural Pop Rank Adjust I Rural Pop Rank lAdjust I Rural Pop Rank 

KArachi 

Hyderabad 
3B.51 

15.171 
I 

2 

2.401 

11.921 

I' 

3 

11.57! 

1,557 

1.66B 

B.351 

13.251 

12.901 
I 

2 

19.297 

7.591 

1.101 

5.61 

20.401 

13.551 
I 

? 
Thatla 

Sanghar 

3.291 

6.641 

10 

4 

7.181 

7.561 

10 

9 

0.99! 

1.991 

5.031 

5.291 

6.0i 

7.29! 

II 

0.. 

1.651 

37. 

3.59! 

3.71 
5.241 

71.1 ! 
(, 

Dadu 5.B91 1 9.051 4 1.71! 6.1 6.521 5 2.741 4.3!1 1.771 5 
lharparkar 7.481 3 12.981 2 2.241 9.091 11.331 4 ,141 6.431 10.231 4 
khairpur 5.631 6 1 7.667 B 1.151 5.361 1.111 9 ?.321 3.031 6.74Z a 
Nawabshah b.601 5 14.411 I 1.991 10.081 12.0bZ 3 3.30! 7.201 10.50'1 
Sukkur b.251 6 1 B.131 1 1.061 5.69! 7.561 7 3,131 4.06! 1.i9 6 
Larkarna 

Jacobabad 
4.26! 

0.001 

9 

II 

9.201 

B.917 

5 

b 

1.201 

0.00 

6.441 

6.247 

7.721 

6.24! 

6 

10 

2.1;1 

0.00! 

4.60! 

4.451 

6.731 

4.451 

9 

II 

Totals: 100.00 100.00! 30.OO 70.00! 100.00! 50,00! 50.60Z I00.C'i 

Padin and Shikarpur not included
 
Source: 1961 Census Report ol Sind Provinre.
 

4-9 

A" 



4.5 Village Ranking and Selection: Existing Approaches to the Allocation 
of District Resources to Villages 

Once the funds have been dllOCdLed from the Province to each district and 
within each district to different tehsIls, the next task is how to determine 
the most suitable AiStributLion of allocations tor electrficatilon of specific
villages. L11 Lhe mu.L, ,ltleCenlL approaches have been ased Lo eUstablish a set 
of prioriLL(S bdbt oil: 

I. distance ot I.he villages to the existing lines; 

2. ranking of the villages in the order of population; 

3. ranking in tLhe order of population to distance (from grid) ratio; 

4. electrificaLloll under special donor funded projects; or 

5. political picrogatives. 

Each of these approaches has inherent problems as outlined below. 

4.5.1 Ranking on Distance to Existing Distribution Lines 

Criteria that impose restrictions on the distance of 
villages to the
 
existing lines introduce a certain measure of 
arbitrariness in the decision
 
making as there are no hard and fast rules as to what this distance should
 
be. Selection on the 
basis of distance alone will 
never ensure the best
 
financial or economic 
 returns on capital. Furthermore, this approach excludes
 
the option of electrifying villages 
which may be beyond the stipulated 
distance yet may otter financlal/economic returns considerably higher than
 
those villages whichl muet the distance 
 criteria. 

From a poliicatL viewpoint, this approach creates obvious difficulties. 
To circumvent this LIiitdtlon, it becomes necessary to relax the distance 
criteria to allow electrification of certain villages. Although this solution 
provides tle decision maker with a simple administrative or political 
expedient for selection of villages within the defined boundaries, the
 
requirements of financial and economic viability become even more difficult to 
meet as cost effecLive but interdependent electrification options are 
restricted (i.e. a joint electrification of adjacent village inside and 
outside )f the distance criterion).
 

A single "Cdistance to line" limit is not desirable even trom the 
interprovincial perspective. Without any restrictions on 
minimum returns to
 
capital Invested, the distance-to-Line approach may 
result in selection of

villages wLich may not offer tble best financial and economic 
returns. Wasteful 
use of resoucfes will reduce the number of villages which could be electrified
 
if the resource- were morie erficiently allocated.
 

4-10
 



As villages are electrified using the limited distance criteria, 
the
 
inc'emental expansion of the networks does not 
allow the planned development

of the networks based 
on (I) the best possible technical design of the network
 
configuration and (2) maximtzing on
returns investmeLu which may require

electrification of 
villages beyond the distance limits. Oi the other hand,

the distance-to-line approach essentially leads 
to a pro.gressive development
of the network which may be perceLved as equiuable by rLihe r;jI popolIat Lon,
since everybody within the designated distance-to-line range has t ht same
 
priority. Those who are outside the range have 
 Lo wait their turn. 

Although this approach is simple and incorporates some social
 
considerations, 
 it is not equitable etcher to individuIl Large villages beyond
the distance limit or to groups of settlements within the distance-to-Line
 

Individual village settlement
limits as each or within the distance limit is
 
treated on its own. Since only census data and villages have beei used, only
villages in the census reports become eligible for electrification. Small

settlements, which the form of groups may be 
more viable than individual
 
villages, may not fit this
in selection methodology.
 

4.5.2 Ranking in the Order of Population Size
 

Within the criteria of the distance 
to the existing distribution lines, 
the villages are ranked in the order of their population size. Quite often 
this method gives good economic returns in case of limited distances (such as 
0.5 mile or 0.8 kim) since the cost of distribution line is relatively small
 
with respect to the cost of distribution system within the village.
 

Ranking only in the order of population size without reference to or limit
 
on the distance to the line is not .ecoizmended. Thi., approach fails 
to
 
address the costs of RE and consequently ignores return oil capttal.
 

4.5.3 Ranking on Population to Distance Ratios
 

The use of the population to distance (P/D) ratio 
for village ranking has
 
several drawbacks. The most important one, common to many criteria, is that
 
it examines each village in isolation and ignores its relative proximity to
 
other villages. RE is most cost effective on an area basis, 
and the RE
 
benefit-cost ratio and 
return on capital are both a function of the RE of a
 
group of interdependent villages. While the 
village specific P/D ratio may be
 
a proxy for a benefit-cost measure, it 
has little correlation with the B/C

ratio for the group of villageE electrified in a project. Still, it Is
 
possible that the P/D 
ratio fo% groups (or clusters) of settlements or
 
villages will result in rankings which are similar to 
the rankings based on a
 
more rigorous economic and technical analysis of the groups. The difference
 
is in the definition of distance: the distance "D" for a group or cluster of
 
villages is totally different from the "D" for an individual village.

Furthermore, the distance must 
be measured along the least-cost distribution
 
line, rather than the straight-line distance between points. 
 To estimate the
 
distance for a group of villages requires a detailed analysis similar 
to that
 
presented in section 4.6 below.
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FurLher examinatton of the use of population to distance ratios is most
 
easily done by reviewing the two components of this ratio separately. The use
 
of population size as a proxy for benefits may be applicable in areas where
 
the structures and nature of 
Lhe villages are homogeneous and the
 
eiectLrticAtion of tubewelIs is ignored. The discussion in chapter 3
 
indicates that benefits ire a 
 function oV relatve Mix of industry, Lubewells 
and households. iWOvec, in all Lral OreaS , the number of small Industries
 
varies IQ'OM Onle Vi I lge LO anluLher. The salie Is true Of cumUnerCial activity. 
Whikei .se viiI aqs way have a large number of shops because of Lheir status 
as markeL CutiL;l, ,ethers WILh tLIhe same popuIation/distLancu ratito may nut have 
.-ese aMenIt t le L te Same CxtellL. Stmni larly, in many dis tricts large 
concenLrtELons ul LubeweI Is nay he found as a funCtitlo of dif ferential
 
groundwateCr 
 iva tIacitLy. Another importaut elemet in this cxalculatIon is 
the mix of low, verage ano high income households. StnUe r m ult. imate 
benet. L Iomr Lhu eLeCt UlcaLLolI Oft a village are a funCLion ot the customer 
IlIX Wtiml Lhu vIlage ill the mumber Ot tubewells around Lne Village, 
p)upilaL "1.1 "; U l'k, IS Lhe1. LUC buSt Way to eSLtimae iRt ecuumlo ic bene iLS. 

"[hu CUilC _L(halt is Lhe es t lwate of beief its MustsitSoi populatton 1oL best 

be 
cempe red by tLu didLa requi remelit ofW Creatlng a Mnore acc:t.-e est MtaLton
 
procedure. WthoUtL intorimatuion on other customer populations or on the
 
varying reLationbht ,s between population and 
Lhe numbers of other customer
 
types, population Wy remain as .he best available measure. As is discussed
 
below, further Studies Lo 
Improve the benefit measure are strungiy
 
recomnended. however, 
it may be necessary to use population size in the short 
run in order ntl Lu delay the ongoing RE process until the results of the
 
further studies are available. The incorporation of the results of these
 
further studies should consider the trade-off between the value of increased
 
accuracy and the cost of additional data requirements.
 

The cost side proxy of the P/u ratio - distance - is even more
 
problematic. As discussed above, a distance from the grid measures does 
not
 
capture the cost ,t electrifying a specific village. This cost is more a
 
function of the village's location relative to other villages, and the size of
 
the other villages, than the village's present distance from the grid. 
 As is
 
discussed below Wu the suggested procedure section, the 
cost side must be
 
captured by examiLng the relative location of the village with respect to
 
surrounding villages as well as the grid.
 

4.5.4 ElectrIfication of Village Under Special Donor Funded Projects
 

Integrated Lubewell and rural electrification projects are being planned

within the WAPDA System. Au example is 
the Salinity Control and Reclamation
 
Projects (SCARP) where the distribution system was constructed primarily for
 
electrification of SCARP tubewells, but provision was made to 
electrify

villages through extensions of these lines. Normally, the cost of village

alectrificatLion under these projects is not included in tile project cost. 
 The
 
nature of these projects requires a different approach to selection of
 
villages, as it is the SCARP tubewells locations which dictate the routes of
 
the lines, and electrification of villages becomes a secondary objective.
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As the network configuration is well defined, possible extensions of the
 
lines to electrify villages can be determined on the basis of the available
 
detailed design of these networks. The ranking of villages, thereafter, can
 
be done on the basis of best returns on investment.
 

4.5.5 Political Prerogatives
 

While many villages have been selected on the basis of a well-derined 
methodology, a certain number of villages have been electrtfied on the basis 
of political preferences of the people's representatives (members of 
Provincial and National Assemblies and Senators). In the future, tht 
electrification of such villages should be financed from special funds of the 
provincial or federal government. As the viLlages were 'o,,ted ,n purely 
political grounds, there has been little accounting Of the oILef lung 
distances, the high capital costs, and the resulting low rotiurn (--rapital. 

It is difficult to attain a balance between a highiy restrc~ive ?conomic 
return approach and the political considerations which dictate ,uolection of 
certain village in accordance with the wishes of trhe political 
representatives. However, if the emphasis in rural electrification could be 
shifted from the number of villages electrified to the number of 
beneficiaries, 
the political selection process can come much closer to the 
economic return approach which alms to minimize the cost of capital per 

customer through increases in the number of beneficiaries.
 

4.5.6 Ranking by Economic Internal Rate of Return (EIRR) 

The application of a minimum economic internal rate of return (10%) was 
done under 
Pakistan. 

the ADB Sponsored Rural Electrification Project (Ref 89) in 
Candidate villages were ranked in descending order of thetr rate of 

return. 

The villages with the highest rates of return were selected based on the
 
available budget. This selection methodology was based on data from field
 
surveys 
for the quantification of direct benefits from rural electrification.
 
For each village, a rate of return calculation was made on the basis of
 
demand, benefit, and cost forecasts f.r a period of 30 years. The method of
 
calculating the rate of return required extensive field surveys and
 
computations. It is possible that less sophisticatdd but quicker calculation
 
procedures based on simplified financial and 
economic analysis methodology may
 
have been able to provide the same answers at a much reduced cost and within a
 
much shorter time period.
 

Although from a conceptual and methodology viewpoint, the EIRR
 
calculations are standard in project analysis, the ADB analysis 
had some
 
defects. 
 The ADB RE Project only covered villages which could be electrified
 
from existing lines and only one solution for connection of the village to the 
line was considered. This is a major limitation of the approach in that the 
most economic (or least cost) connections were not found because villages were 
examined individually and not as groups. The relative location of the village
 
to other villages was not considered.
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4.6 Village Ranking and Selection: Proposed Approach
 

4.6.1 Overview of Village Selection and Inplementatton Process
 

Based on Chu above discussLon, a new methodology Ls reqil red that
 
satisfies, to th, extetL possible, 
 the following criteria:
 

- Captodre tieLocaLOi of tile village/settlement elaLve to both the 
grid and Jthur villages/settlements; 

- Reduces tLhu risk tlat ayl particular village will only be electrified 
only after other adjacent villages are electrified;
 

- Includes villages that 
are beyond an arbitrary distance from the feeder 

- Incorporates measures of economic and financial betef its and costs; 

- RepresenLs the best possible design of the letwork given long-range 
planning objectives; 

- Requires Only data that are already available or easily collected; 

- Can include more detailed demand or benefit information when available
 
such as household income distribution, numbers of 
rural industries,
 
tubewells and other non-household customers as 
separate parameters; 

- Uses technical, and cost parameters that are project-specific;
 

- Is relatively straightforward and simple to Implement; and
 

- Can incorporate decentralized generation options.
 

In addLlon, the methodology must 
be practical and entail a relationship

between several groups of economists and engineers who play a role in the
 
ranking and selection process. The possible players 
In this process are
 
engineers at the REO, the AEB and 
the provinces and economists/planners at the
 
REO and the provinces. Their roles should optimize the use of their varied
 
experiences and skills. 
 A number of different options are possible. The one
 
ultimately used must 
evolve based on discussions and preliminary work between
 
WAPDA and the provinces.
 

One option is that initially engine.ers and economists of 
the REO working

with the 
AEBs develop the village rankings and the REO presents them to the
 
provinces. The 
ranking work could eventually be transferred to the AEBs with
 
some basic assistance 
from the REO economists. Alternatively, the economists
 
from the provinces could do the rankings based on WAPDA cost da 
3 and the REO 
assists in benefit estimation. In any case, the ranking procedure should be
 
applied the 
above criteria to rhe following village-specific data:
 

4-14
 



- Numbers of tubewels, and 
small industries, and other 
customer classes 

- Number of households (and poss i bly income disrlhLLr l[un);
 

- Connection, wiring, tariff, 
and other customer costs;
 

-
 AppiicabLe generation, transmission, grid station, transformer, O&M,
 
and other system costs;
 

- Overall least cost distribution expansion plan for 
total 
elect rificat ion; 

- Location relaLve to 
other villages and the grid;
 

- Expected electricity usage (kwh), 
demand (kw) and 
peak coincidence
 
(diversity) factors for each customer 
type: and
 

- Growth 
rar.s of each customer type.
 

The data base for village ranking and 
selection will 
be maintained by
WAPDA REO at headquarters and 
AEBs. The candidate villages will 
be the main
villages and 
all settlements. 
 WAPDA shall 
submit to the provinces the updated

Lists of all villages and settlements. 
 The provinces shall 
then indicate
which villages and settlemencs have 
not been included in 
the master data

base. The provinces may also provide WAPDA REO 
lists of settlements and

villages which are 
to be included 
in WAPDA REO's data base.
 

Using this comprehensive list of candidate villages, 
the selection
methodology, the 
b sic parameters for evaluation of benefits and 
costs, and
the budget constraints 
will generate a list of 
villages which fulfills the
requirements of 
village selection criteria and 
other constraints. 
 The list of
selected villages will 
be finalized and approved 
by the provinces.
 

It is understood 
here that the basic parameters 
for benefits and cost
estimation would 
be updated by WAPDA REO on 
the basis of sample surveys to be
carried out on 
an annual basis in different parts of 
each province. It is
also understood 
that WAPDA REO will maintain a set of as-built maps of the
existing system along with 
base maps showing locations of main villages akd

settlements. The distribution expansion plans 
shall also be 
reviewed and
updated on an annual 
basis by WAPDA's rural electrification office at
 
headquarters.
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Once the vilLagLs have been selected using the selection methodolugy 
described here, the next task will be ro determine the least cost distribution 
expansion plan for their electrificatton. For this purpose, the Work Order 
System will be utilized. Under the Work Order System, first of all a Planning 
Proposals (cove r ng techni cal analys is of d if fe rent technical so lut ions and 
selectc n of the Must SUitble alternative) will be prepared. Once the 
Planning Proposal:; nAve been approved, a Job Order (or other appropriate 
iecha s:) cui '- field surveys and detailed engineering for distribution 
COIStFUCLI WI LI b Prepared. ihe Planning Proposals as well as the Job 
Orders snail be prepared by the AEBs. initially, the WAPDA REO at the 
ieadquarters Way Lake responsibility fur generat ton of both the planning 
proposals and LnU2 Job Urders, but as soon as the AEB RZO Organization is in 
place, this wulk shiall be done by the AEB RED Office. 

in order to Meet the above criteria, a beneit-cost (B/C) analysis is 
suggested. , LHsSuggested is from.hi B/C Criterion dif ferent the other 
ieasures IencUtid Iove IUI that, LOF 1 giVen village, it is a runctLon of the 

bene ' ,lliald c9iLs Ioti ieIF vii.laiges. Tiue B/C rat io cai be conceptualized 
as appli ing to .1 qrFjuiu ot VII i 1g;US. flits resulting B/C tlu would be the 

compOsite Crl Liton lto the primlary rainking of Villages. 

The Method, Suggested below, though developed so that they can be 

perormed WiLth botle training by WAPDA staff, are not as simple as some of the 
existing ones diScu:Ssed above in Section 4.5. While the benefits side can be 
estimated In ditferent ways starting with some very simple data in the short 
run, all benefits must be examined in the context of those of nearby 
villages. Furiermjore, the cost side cannot be est.imated easily without 
technical anal ' to least cost distribution network forYsis approximate the 

central grid and decentralized generation options.
 

Before the village selection process is started, it is important for the 
utility ('.APIDA) to have at its disposal a least cost distribution expansion 
plan for total electrircatton of the areas under consideration. In 
particular, questions relating to the transmission network orientation, 
locations and types of grid stations, choice of primary distribution voltage, 
phase opt ions and the network configuration of the proposed feeders must have 
been resolved. Maps showing locations of villages, grid stations and least 
cost feeder configuration of the proposed network expansion must be 
available. Thes, maps must also show all the existing distribution lines and 
electrified villages. Parallel to these maps, a village data base covering
 
basic demographic data (populatLona, households, acreage, etc.) is also
 
required. 

Using the information outlined above, the different alternatives for 
village electrification can be developed. In both cases, the optimal 
technical solution should be kept in view and the possible extensian of lines 
to a new village to be electrified must include the expansion alternatives 
under the least Cost technical solution. 
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To understand the issues 
involved in ranking villages, a number of case 
studies of village and tubewell electrification were carried out in one area
 
in each province: 

i. Punjab District Okara, Tehsii Okara 
2. Sind District Thatta, TehsLl Thatta 
3. NLWFP District Bannu, Teistil Lakkl Marwat 
4. Baluchistan District KaLat, Tehsii Kalat 

A Limited number o;: villages were included ini each case study. Further work is
needed to select and refine one method for the next phase of vtllage selection. 

Three methods are pre'.ented that embody the suggested approach. A hri.ef
description of each Is gi 'en below; In Lhe next section, an '×am'1c of each

method for the set of villages in the four provinces is given. For t-'ase of
discunsion these mt thods are called (I) the Cluster Method, (2) incrementc-iI

B/C ratio methods, anc (3) the cumulative B/C ratio method. Some of the

examples presented focus one more these
on or of methods. The purpose of

these examples is to demonstrate 
 these methods in a variety of settings. 

4.6.2 The Cluster Method 

For the sake of further explanation of this approach, a simplified method 
for estimating these B/C ratios could 
be imagined which uses a Least 
cost

expansion plan for the complete electrification of a district and then

estimates the benefits and costs for each grid feeder.substation Each feeder
 
could then be ranked based on the resulting B/C ratio. The ranking of

villages in 
the district would be in clusters based 
on the ranking of feeders;

villages would be electrified in clusters. 
 The main problem with this

simplification is that 
it only considers complete electrification of feeders
 
without the option for partial electrification. 
 The methods discussed below
 
present ways to 
consider partial and/or complete electrification in the

ranking of 
villages while still analyzing their attractiveness in the context
 
of surrounding villages.
 

Extending this procedure to Incorporate clusters of villages does

incorporate these additional issues. Clusters of villages and/or 
 tubewell
loed centers are formed and the numbe' of village investment alternatives is
 
reauced to the number of 
clusters.
 

This method in combination with the best technical solution to electrify
the villages, can 
provide a fast algorithm for ranking villages. With a large

number of possible cluster formations however, 
the selected clusters may not
 
offer the optimal solution. A computer based mathematical programming

algorithm, which examines all possible alternatives and generates the optimal

solution, would be required and 
can be developed. However, judgmental work
 
may be able to determine a solution which is 
not substantially sub-optimal.
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4.6.3 Incremental Benefit - Cost Ratio Method
 

Selection of a certain number of 
villages during a particular stage of RE
 
is dependent upon the available budget. 
 The highest ranked villages are
 
selected in descending order of the B/C ratio (BCR). Villages which are
 
selected generate new dependent solutions; selected villages become the
 
staZrLiLg point for electrifying other villages. The un-selected villages are
 
again ranked with the additional possibility of being selected based on lines
 
from nearby selected villages (or what 
can be called new dependent solutions).
 

The basis for this set of methods is the increment in beneits and costs
 
from any given point on the distribution system to the next point or points.

The option selected represents the highest B/C ratio available at the time.
 

This tn fact represents a large group of methods, depending upon the
 
method used to estimate the costs and benefits of 
a single distribution line: 
whether these costs and benefits are only for the one village that is 
connected using this line, the next two villages, or for all potential

villages that could some day be 
electrified farther along this distribution
 
line.
 

[ncludLing only the costs ajnd benefits of the next connected village is 
a
 
very simple procedure to implement. This is called the "Marginal lncremencal"
 
met hod. It r'equlres the computation of benefits and costs only one time, and
 
the investment choices are then clear. The main disadvantage, however, is
 
chat a distributionL line may be postponed indefinitely even if a village with
 
oxtremely high potential benefits is one village beyond any that is under
 
consideration.
 

At the other extreme to the Marginal Incremental method is the Total
 
incremental method. Using this procedure, the costs and benefits for
 
electrifying all of the villages on a distribution line are 
J.ncluded in the
 
B/C ratio for any single investment choice. Thus the cnoice :o build a
 
particular distribution line will incorporate the benefits and 
costs of all
 
future possible villages that can be electrified as extensions of that line.
 

The Total Incremental method has one of the advantages of 
the Marginal
 
Incremental method: it requires the computation of the benefits and 
costs only
 
one time. However, it does require the creation of 
"fictive" points, which
 
are branches in the distribution line where no 
village exists. These
 
represent decision points, with B/C ratios associated with each branch. Each
 
investment decision involves the construction of a line to the next village or
 
to a fictive point. This method is slightly more complex than the Marginal
 
Incremental method, 
but it does have the advantage of accounting for the
 
benefits and 
costs of all future villages to be electrified.
 

It is conceptually feasible to consider procedures that look ahead to two,
 
three, or any other number of villages along the same distribution line when
 
computing the B/C ratio at 
a fictive point or a village. The main
 
disadvantage to any of these intermediate methods is that 
they all require the
 
re-computation of the benefits and costs 
for all villages along a distribution
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... ...... ..- 1- 1-U- WLLJ. ..... -- - = LLI=ULU e De cumbersome anddifficult to implement. For this reason, on the 
Marginal Incremental and
 
Total Incremental methods will be examined 
here in detail.
 

This incorporates most of the criteria for in improvement ovt± r prey u

methods. However, this may at 
 first exclude villages far from tie feeder, idl 
may in fact not represent tile optimal design from a long-term pLuiLng
 
perspective.
 

4.6. Cumulative Benefit 
- Cost Ratio Method
 

)n the Least cost distribution 
 network for complete electrification,
the cumulative B/C ratio for each village is computed as the sum of benefits
divided by the sum of 
costs of all villages on the same feeder up to that
village. Since this cumulative ratio is calculated at each point along the
feeder, one can capture the attractiveness of continuing electrtfi1cation along
the Feder.
 

The villages are 
 then ranked according to this cumulative B/C ratio. This 
ranking is then adjusted to take into the
account the fact that 

electrification of 
some villages is dependent on the electrification of 
other
 
villages that are lower on the list. 
 These villages with low B/C ratios 
are

then ranked up with the 
higher B/C village. The selection of villages 
then

depends on t-he budget available starting at 
the top of the list. In this way

if funds are not available to electrify complete feeders, 
the villages with
 
the highest B/C ratios overall 
are electrified.
 

4.6.5 General Observations on the Ranking Methods
 

The above methods, while all requiring the same basic data and all
 
capturing the recommended general approach, have differing advantages and

disadvantages. Furthermore, these advantages and 
disadvantages depend 
on

various aspects of how RE ranking and 
implementation will 
occur.
 
Consequently, 
the choice of method or variant is also dependent on these RE
 
aspects.
 

One aspect is the 
level of complexity of calculation of the data for

village ranking and 
this in turn is dependent on who 
ano what group(s) will

perform the calculations. A second aspect 
is the pace of RE in terms of what
 
the national budget translates into on the district or 
tehsil level in terms

of numbers of villages electrified in what period of time. 
 For example, will

there only be sufficient budget 
for only one or two villages off of one grid
substation to be electrified in 
one year? Furthermore, will several 
villages

be electrified each year 
or will electrification occur 
in groups every five 
or
 
more years? A third aspect is 
the politically and 
socially acceptable

pattern: can whole 
feeders be electrified 
at cne time whereas others are not
 
or must electrification be spread 
out more evenly? And the last aspect 
is to
evaluate 
the loss or gain of benefits for a 
given budget by choosing one
 
method versus another.
 

4-19
 



In terms of complexity, there are two types: (I) the recalculation of the 
BCRs as villages are ranked because the ranking of 
nearby villages affects
 
other villages BCRs and (2) re-examination of which villages are available for
 
ranking because nearby villages are ranked. Whereas such recalculation and
 
re-examination might improve the economic benefLts which call be captured
within a given budget, some sort of computerized procedure would be needed to 
undertake tcnin foc a Large number of vilLages. In turn tihe computerization of 
this approach is dependenIt on whether the ranking process will be centralized 
in the proposed REU or InI the provincial govecnment headquarters or 
decentralized in the AELBs. For example, the incremental BCR methods involve 
continual re-examilatlion of the village electrification options. The 
cumulative BCR method does not involve either of these complexities, but its 
performance can be improved by doing a recalcuiation. The cluster method also 
does not Involve e ItIer complexity. 

The )ace ald the acceptable pattern of electrification affects the number 
and gIeoraph ic spread of vtiiages to be ranked. If the RE budget is very

Limited a broJad MCItter-11 of electriflcatlonl Is desired, the marginal

incremental method could be useful whereas 
 the cluster method [nay lead to the 

CcenttLoLln of -ieCtLLficatIon InI a few areas. The cumulative method
 
permits rajnklig of the most attractive part of an entire feeder rather than
 
being locked into doing entire feeders at once. The pace of electrification 
also affects the penalties in terms of Lost benefits from a non-optimal
ranking. For example, if electrifLcation was proceeding at a very rapid level 
such that a vilage nlot elecrLified one year would be electrified within the 
next year or LwO, then the penalty for an uneconomic ranking is less. On the 
other hand, Lt electrification is quite slow, the penalty can become large. 

In susIe of tihe Cane studies prctsented in the next section, these aspects 
are disciissed In the context of examining some of the advantages and 
disadvantages of these different methods. In the end, the choice of method 
will depend oil the answers to such questions as who is doing the calculations 
and ranking, what are the budget levels and time periods, and what are
 
acceptable electrification patterns. 

4.7 Data Requiremets for the Proposed Ranking Approach 

There are three basic categories of data needed to apply this approach: 
(I) benefits and demand, (ii) costs, and (Iii) distribution plan. The basic 
data used in these illustrative examples of tile different methods of applying 
our recommended approach are presented in Table 4.7-i. At present much of the
 
data have to be estimated. 
 Detailed work on development of a comprehensive
 
data base for selection methodology must be initiated (see Chapter 6).
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--- ---------------------------------------------------------------------------

-----------------------------------------------------------------------------

TABLE 4.7-1
 

BASIC DATA FOR VILLAGE RANKING EXAMPLES
 

I HOUSEHOLDS
 

I---------------------------
I LOW IAVERAGE I HIGH 
I INCOME IINCOME :INCOME COMMERCIAL1INDUSTRY :TUBEWELLSI 

A. PRESENT VALUE BENEFITS
 
UUmm . Um Em m mumg. m mm 

- gross Benefits/Customer IRs/y) 525 787 * 1882 I 700 21760 16B800 

- Not Present Value of Benefits (Rs) 5250 7870 18820 7000 
 217600 168000
 
(101 discount rate)
 

- Estimated Usage (kWh/Yr) 240 
 540 1800 540 12800 8300
 

B.PRESENT VALUE OF CONNECTION
 
AND VILLAGE COSTS
 

m mm mmmm mzm mmm mmmm mmmm m m 

- Peak kW per Cuttomer at
 
Distribution Transformer 
 0.22 0.47 1.31 0.39 
 16.74 10.85
 

- Peak Coincidence Factors:
 
at generation 0.65 
 0.65 0.65 0.65 0.65 0.65
 
at grid substation 0.75 0.75 0.75 0,75 0.75 0.75
 
at distribution transformer 0.85 0.85 0.85
0.85 0.85 0.85
 

- Capital Cost 

a.Connection Cost Rs. 840 840 840
840 6300 28175
 

b.Village Distribution
 
Cost I 1750/kM Rs. 385 
 823 2293 683 29295
 

- Present Value of Costs 1840 2490 
 4700 2280 53390 42260
 
(Incl. 51 of capital for
 
annual OMH)
 

C.COST HT DISTRIBUTION LINE:
 
70,000 R81KN
 

U*mUUnumuuummumummuumnmu.~z 

f Although these benefits estimates were used inthe ranking exercise, they were subsequently

revised after the ranking exercise was completed. The never estimates, which are presented in
 
Chapter 3, are 990 Rs. fur average income and 2869 Rs. for high income households.
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4.7.1 Benefits and Demand Data
 

The basic benefit and demand data are the following for each customer 
category included in the analysis: benefits per year, kwh consumed per year,
kw peak demand, and peak coincidence or diversity factor. Aiditional data 
could include the growtL of kwh use over time, the penetration or customer
 
SdturAion rate j'Ver tiMe, and 
the growth of each customer class over time.
 
In the examples presented below, the latter set of data were 
not used, but the
 
analysis could easily be extended to 
include them. The village analysis
 
presented in Chapter 3 and in Appendix G is based on computer analysis Chat
 
does incoCporite Lulese dALa . 

On Lhe other Lana, Lthe presenL values Of benefits that are used in the
 
case studies below are based on the assumption chat the demand levels (and

their correspondtng bene fits) Hat would be attained in the tenth 
year of 
electril r-catiun ,re asociated wiLh every year of the analysis, starting with 
the firSt. vear. It is alIso assed that there is a 100 percent penetration of 
all tousehl ds tu _ rrsose year. Since all villages are treated in a like 
manner, such simplifying uISUlllp[LLUnS do ntL alter their rankings. It is 
possible tU base tlne value ot benefits on gradually increasing electricity use 
levels.
 

The bentif its estimate canl be based on many different levels of analysis 
depending on the availability of information. In the previous chapter the 
difficulties associated with benefits estimation were discussed. Benefits
 
partially depend upon whether one 
views rural electrification as a
 
complementary rural deveiopment investment or 
as a self-contained directly
 
productive Investment; RE has attributes of both. 
 In preparing this master
 
plan, initial estimates of the direct 
benefits have been calculated.
 
Complementary and indirect benefit measurement was not feasible given the
 
shortcomings of the current information base. 
 As presented in Chapter 6,
 
additional studies are needed to determine what if any benefits due to
 
complementary investments issues are justifiable (and measurable). In
 
addition, such futuCe work should also examine how the benefit and related 
estimates presented here vary from region to region.
 

Another benefits issue is the incorporation of social and political goals
 
and poltCis such as the promotion of a more equitable distribution of
 
income. This could be achieved by using "social weights" 
in the calculations
 
to increase the benefits of 
one class such as low income households. The
 
examples below do not include such weights though they could easily be
 
introduced. 
 One final benefits issue is the development of benefit
 
estimations tailored 
to a specific region; there was not sufficient data to
 
warrant such work for this plan, but 
future efforts should incorporate these
 
variations.
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In this example, the village benefits 
are a function of the number of
 
households of different 
income classes, rural industries, tuhewells, and
 
comercial establishments. Reviewing several of 
the RE District Master Plans

(Refs 150, 160, 161 and others) and using the village model from Chapter 3,
households accounted for roughly 50 to 80 percent of 
total benefits, industry

And tubewells each accounted for between 5 and 25 percent, and commercial for
3 to 10 percent. Sincp household benefits constitute the L[irest shire and
the benefits vary substantially by income class, the analysis in ':hapter 3

examined different income classes. 
 However, in these examples and likely in
the initial applications of this approach, income classes will not be used

because of the lack of and difftculty in obtaining the needed 
 data. Future
studies will have to examine how and if income class detail can he
incorporated into the benefits estimation. Furthermore, as was mentLOned
 
above, if necessary due to the lack of data, the next round )f vi [lae

selection can be based on 
 only popul,iatiol until the needed d1at l.base is
 
developed.
 

For example, the benef i , demand, a nd cost est Lmat-; !(r cue iv,:t-,i4,.income household presented in this report could be used with che vilLage
population (assuming average househoLd size) to estimatean village household 
benefits, demand, and costs. Household benefits could be increased by 10 to20 percent for an estimate of the total village benefits (excluding tubewells) 
for "illages with fewer than 100 households, and by 50 percent for villages
with more than LO0 households in order to capture tile inceased demand due to 
industrial and commercial customers.
 

The procedure for the estimation of benefits will evolve over time as more
 
data become available and analysis Indicates 
the value of including more

detail. It is important to consider the sensitivity of this approach to the

level of benefit estimation detail. Since this 
part of tile allocation process

addresses the ranking of villages within a district or tehsil, most
 
distortions will occur 
only within this area. Therefore, they will be less

significant than if villages were being compared thloughout tie province or 
country. At this level, other 
possible distortions are also minimized. For
 
example, if electricity ts viewed as 
part of the rural development scheme in a
district, funds for RE might be 
forthcoming based on the development potential

index suggested above for the allocation of 
RE funds to the district/tehsil
 
level.
 

4.7.2 Cost Data
 

The cost data needed for the examples below are for the customer
 
connection, village distribution (LT line and transformers), and area
 
distribution (HT lines). 
 For ease of calculation, the B/C ratios developed

below do not include generation and transmission because these costs will be
 
nearly the same for all 
customers and villages, and nearly all of the cost

variations are covered by 
the RE costs. Due to this simplification, it is

important to note 
that these B/C ratios do not 
reflect tile true economic 
viability of these investments, but rather the relative ranking among them. 
As discussed below in Chapter 5, B/C ratios which include generation and
 
transmission will be needed in 
the comparison of central grid versus 
decentralized generation options. 
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4.7.3 Distribution Plans
 

Before che village selection process is started, It is important for the 
utility (WAPDA) to have at Its disposal a least cost distribution expansion 
plan for total elecurirication of the areas under consideration. In 
particular, questions relating to the transmission network orientation, 
locations and types of grid stations, choice of primary distribution voltage, 
phase options and the network configuration of the proposed feeders must have 
been resolved Maps showing locations of villages, grid stations and least 
cost feeder cunfiguLItion of the proposed network expansion must be 
available. These maps must also show all the existing distribution lines and 
electrified villages. When perfonning the village ranking, the optimal 
technical solution should be kept in view and the possible extension of lines 
to new Villages must Inc lude the expansion aIternatives undecr the least COSt 
technica l so lot ion. 

Given LaC I substantiaI proportion of the rural population may be beyond 
reach of the central grid for many years to come (Ref 32), electrification 
plans incorporating decent ralized generation options are also needed. The 
basic analysis that is required involves the identification of villages thac 
would be most economically electrified from decentralized sources; a brief 
discussion o this analysis is presented in Section 5.3. This supporting 
technical analysis would aIso include approximate generation costs and 
identLficatLon Of any "in ll-grids" connecting groups of nearby villages. 

The use of renewable energy sources for electricity in villages that would 
otherwise be served by the central grid must be evaluated by a compar ison with 
the costs Of electricity delivered by the grid to that village. If the 
renewable source compares favorably, a further analysis should explore the 
ease Wlth which tits renewable source can be integrated with the grid at a 
Luture date. 

4.7.4 Benefit and Cost Calculations
 

The first part of the analysis is to calculate the the benefits for a 
village after subtracting customer connection and village distribution costs. 
The benefits and costs used are net present values (NPV) over a 30 year 
period. (In these examples for ease of calculation, the benefits and costs 
arm not varied by year; therefore, the present value of a stream of equal 
annual amounts can be estimated as the annual amount divided by the discount 
rate of L0 percent.) First, the actual NPV of benefits for each customer type 
is the NPV of gross benefits less the NPV of the connection cost and of the 
customer's share of village distribution costs (calculated as the customer 
peak demand at the distribution transformer times the the unit distribution 
cost). These costs include the NPV of the O&M costs. Second, the NPV for 
each customer type is multiplied by the number of potential customers of each 
type, and summed to estimate the total benefits for a village or cluster 
tubewells. In these examples 100 percent customer saturation are used. 
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It is this village benefit estimate along with the liT line costs (for
 
connecting the villages) that are used 
 to form the B/C ratios used in the 
village ranking methods illustrated below.
 

4.8 Illustrative Examples of Proposed Ranking Approach 

A number of case studies were prepared to present the bCR ranking 
approach. The examp Les focus on non-electrifted areas. Applications of the 
ranking methods for villages only are presented below. 

4.8.1 Punjab: District Okara, Tehsil Okara 

Example of the Marginal Incremental Bi/C Ratio Method 

The following Llolstratton is based on a sample of 16 villages in ttehsil
 
Okara, district Okara (Fig. 4.0). The electrification of these villages is
 
completed in five stages which represent 
 consecutive budget periods. Fhisapproach could include tubewells in the set of options as well, each with ts 
own BCR. They have not been included here for the sake of silnpicity. 

This approach requires that the least cost distribution network has been
designed. Clusters of villages are established, and these clusters are rank 
ordered by their composite BCRs It the budget is large enough to allow 
electrification of entire clusters, then this the orderranking guides of 
selection of these clusters for electrification. If, as in this example, the
 
budget is much more limited, then individual villages are considered on the
 
bases of their individual incremental BCRs The BCRs for all of 
the villages

within the clusters are computed. and villages are selected according to their
 
BCR rank order for electrification, subject to technical distribution 
constraints, until the budget constraint is reached.
 

An independent option is a village that can be electrified from the 
existing grid. A dependent option is a village that 
is best electrified after
 
other villages nearby are electrified first. A first order dependent solution
 
is a village that is best electrified after oniy one other; a second order 
dependent solution is a village that 
is best electrified only after two other
 
villages are electrified, and so on. In this example, In each phase, as a
 
rule only independent and first order dependant options 
are considered. In
 
other words, villages whose electrification would require the electrification
 
of two or 
more villages before it on the distribution network are not
 
considered. This simplification provides 
an algorithm which is relatively
 
simple to present, and yet allows the process to 
consider villages farther
 
removed from the existing distribution network. This be
rule could relaxed
 
such that second order dependent options are considered; this would capture
 
more of the cluster issue but makes the presentation more complex. The
 
cumulative B/C method example presented below considers 
more of these
 
dependent options.
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In subsequent stages, the process of selection proceeds hy 
BCR rank order 
given the new locations of feeders from prior stages, and subject to the 
budget for that stage, as well as to the technical constraints, untLl 
electrification is complete. 

The following is -n example of the .ippltcat tn ,[ tLii.i pra,:educ, , using 
five budget periods: 

Stage (Period) L
 

In the first stage, clusters of villages were formed based orL 
consideration of the long-run, least cost, technical network, as shown in 
t igure 4.0 and listed below: 

Cluster 1: VI lages i & Ii 

Cluster 2: Villages 12, 13, L4, 15 

Cluster 3: Villages 6, 9, 10 

Cluster 4: Village 7, 5 & 8 

Cluster 5: Vt lages 2, 3, 4, 16 

Then, the increment:il BCRs for all of the individual villages are
 
computed. The BCRs for the villages in this example are 
 as follows: 

Vil[age# B3CR age BCRViI B 

1 1.4.33 9 1.335 
2 L.365 1o 1.271 
3 1.324 1L 1.376
 
4 1.437 12 1.343 
5 1.398 13 1.410
 
6 1.380 14 1.405 
7 1.364 15 1.375
 
8 1.293 16 1.389 

Next, the villages are ranked by BCR. Starting with the top-ranked 
village, they are electrified until the budget constraint is reached. 

In this example (Figure 4.1), villages 1, 6, and [l were selected to be 
electrified before the budget was exhausted for this period. Number I was 
selected first as it was the independent option with the highest BCR.
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Having selected Ai, numbers 2, LI, 7, and 6 can be electrified. Among
 

these 6 has the highest BCR and was therefore selected for electrification
 
next. Following our simplifying rule (above), composites of 2+12 or 2+3
 
were not considered, nor would 12 alone be considered had 2 been selected 
in this stage. The Cumulative B/C Ratio Method discussed below would 
allow consideration of villages farther along the planned dist r tblon 
feeder lines. 

Stage 2 (F-gure 4.2) 

The village connections under stage I provided independent o)tIons for 
electrification in stage 2 of villages 2, 7, 9, 10, and 1st order 
dependant options 5, 3, and 12. From these, first 4/2 was selected since 
it had the highest BCR of the remaining unelectrified options. Then 07, 
and finally dependent option #5 were chosen before the budgeL for the 
period was entirely allocated. 

Stages 3, 4, and 5 (Figures 4.3-4.5) 

In the three stage-s following Stage 2, the same algoritLm was applied 
with budget constraints for each period until the ertIre tehsil was 
electrified.
 

This approach assumes that there will be sufficient budget to complete the 

electrification process in the short to medium term. If this assumption is 
not true and RE funds may be available only after Long intervals, then an 
alternative approach should be used which considers all villages within the 
planning area independently and in clusters. The long-run, Least cost 
technical solution would be used not as a constraint, but rather as a guide to 
judgement, and the electrification plan would be redone after each new budget 
allocation as if it were the finil period. This approach, however, may 
produce a sub-optimal solution in the long run If sufficient funds for 
completion were to become available In a shorter period of rime. On the other 
hand, there may be cost savings by avoiding line constructIon based on 
expected electrification that does not occur for many years.
 

Example of Cumulative Benefit - Cost Ratio Method
 

This method explicitly assumes that a long-term technical Least cost
 
distribution n9twork among villages has already been designed, that locates
 
all lines for villages to be electrified. Based on this least cost network,
 
the cumulative B/C ratio for each village is the sum of the benefits and costs
 
of all villages on the same distribution line up to that village. Table 4.8-1
 
presents some of the basic data. The villages are then ranked according to
 
this B/C ratio, as shown in Table 4.8-2.
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---------------------------------------------------

---------------------------------------------------

TABLE 4.8-1
 

PARAMETERS FOR CUMULATIVE BENEFIT-COST RATIO METHOD
 
DISTRICT OKARA, TEHSIL OKARA (16 SAMPLE VILLAGES)
 

II 1 1 SMALL
 

DESCRIPTION I HOUSEHOLDS 1 COMMERCIAL IINDUSTRY I
 

Peak kw per Customer 0.42 0.39 16.74
 
at Distribution
 

Transformer
 

KWH per Customer per year 492 500 12800
 

Benefits Rs/year (*) 472
509 16421
 

Number Per Village
 

I. Chak 012/GD 394 3 47
 
2, Chak Oi/GD 346 3 41
 
3. Chak 013/GD 213 
 2 26
 
4. Chak 010/GD 326 
 3 39
 
5. Joya 56B 67
5 

6, Mirak 572 5 68
 
7. Kchla 1034 9 124
 
8. Ottwal Gagar 197 
 2 24
 
9. Chak 027/GD 420 3 
 50
 

10. Chak 015/GD 254 2 30
 
11. Chak 014/GD 582 5 69
 
12. Chak 011/]R 380 3 45
 
13. Chak 012/1R 424 4 50
 
14. Chak 015/IR 474 4 66
 
15. Chak 010/IR 421 3 50
 
16. Chak 009/IR 365 3 
 43
 

Discount Rate: lOX
 

RE Costs: Same as in Table 4.7-1
 

i The 4enefits used in this method arm different from those 
in Table 4.7-1 and from the results in Chapter 3 because 
this analysis was performed before the results in Chapter 3 
were finalized.
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---------------- - ----- ----------------------

Table 4.8-2 PAKISTAN RURAL ELECTRIFICATION AREA PLANNING:
 
District Okara, Tehsil Okara
 

Initial Village Ranking by Cumulative Benefit/Cost Ratios (BCR)
 

Village Village Previous 

Name Number Village [l] 


CHAK 012/SD 1 0 

CHAK OIl/6D 2 I 

CHAK 014/1 11 I 

CHAK 015/R 14 12 

CHAK 010/IR 15 13 

CHAK 012/11 13 12 

CHAK Ol/R 12 2

MIRAK 6 0 

CHAK 010/60 4 3 

CHAK 009/11 16 3 

CHAK 013/6D 3 2 

KOHLA 7 17 

CHAK 027/SD 9 b 

CHAK 015/6D 10 6 

JOYA 5 17 

OTTWAL GA6AR 8 5 

FICTIVE 17 0 


Cumulative
 
BCR Rank
 

59.3 1
 
27.8 2
 
25.5 3
 
23.8 4
 
23.6 5
 
23.4 6 
21.7 7
 
20.0 8
 
19.B 9
 
I.3 10
 
17.0 II
 
lb.9 12
 
15.3 13
 
14.4 14
 
11.7 15
 
11.0 16
 
0.0 17
 

Hl] Indicates the village immediately before on the same distribution
 
feeder or line. For example, vil age 12 must be electrified before
 
vi;]age number 13.
 

Table 4.8-3 PAKISTAN RURAL ELECTRIFICATION AREA PLANNING:
 
District Okara, Tehsil Okara
 

Village Ranking Accounting for Location on fistribution Line
 

Village Village Previous Cumulative Initial
 
Name Number Village 8CR Rank
 

-...- ------------------------------------

CHAK 012/1) 1 0 59.3 1
 
CHAK 011/61 2 1 27.8 2
 
CHAK 014/1D 11 1 25.5 3
 
CHAK Oll/IR 12 2 21.7 7
 
CHAK 01511 14 12 
 23.8 4
 
CHAK 012/11 13 12 23.4 6
 
CHAK 010/]R 15 13 23.b 5
MIRAK 6 0 20.0 a
 
CHAK 013/6D 3 2 17.0 It 
CHAK 010/SD 4 3 19.8 9 
CHAK 009/11 16 3 18.3 10
FICTIVE 17 0 0.0 17
 
KONLA 7 17 16.8 12
CHAK 027/6D 9 6 15.3 13 
CHAK 015/1 10 b 14.4 14 
JOYA 5 17 11.7 15
 
OTTWAL SAGAR 
 B 5 11.0 16 
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[in Table 4.8-2 the column labeled "Previous Village" is the umber of h,village immediately before on the same distribution line, with "0" referringto the grid station. For example, Fictive 
(a junction point ior computing tiB/C ratio where no Village is located) is served directly from the gridstarion , and ij on Lihe same Line aud iimned .aceLy before Kohla. This meansthat Kohia can only be electrified after Fictive. StLLialY, Chak Oil/i{ mu.be eLvCLttIIcd hefore Chak U12/LR and Chak U15/[R. [huiv Lthe ,rar in whichl ,,. are ,1- riftlud must be adjusLed from the l ist indicated by the BCR 
ran ki g. 

Taute -. 8--3 in,a revisionj of Table 4.8-2, whereby villages are moved up kthe List So Chat tLe villages are electrified in tiLe required order.that Lhe di. I tni to elecLrify village number 15 implies the need to 
Note 

electritvillages L3, 12, 2, and 1. However, village 14 
will 

has a higher B/C ratio, andLhecicforc be Lct irifed befotre villages 13 and 15. In the event thatthe Cost ,-[-cLrrfing village 1-4 Is higher than 
tLe costs of electrityig
Vii ladgus 1i 0 Q, And LhILc ire ihnsUfficieLt futads in the budget tueleCLtily vill,,gc LA, vIIlige 13 dnd 15 way be elecLrified first. 

i tlaSLt iLe tle dir teierices betw4een this B/C ratio approach and some oftClhub "sed Ia L ie past,La CoMpdilaSu IS presented InL able 4.-. The threeMetLlL, cowupa cd are the simpLe populaction, popula ou-distance (direct fromgrid), and the cumulative B/C Ratio method. The table indicates the 
subscttiLia[ dlfferelce ill tile resulting ranking. 

Case. Study; Baluchistan, District KalaL, Tehsil Kalat 

ILis case study examines three different aspects of village
elecLrificactunl: 
 from new feeders, extensions of existing feeders, anddecentlidLzed generation. Figure 413-1 shows the 20 sample villages that 
are
or caL be electrified from the grid. Also considered but not shown on the
figure are six villages Located from 10 to 30 kin from tihe planned grid forwhiciL decentralized diesel generation is more 
economic than grid-based

electricity based on a separate analysis discussed above in Section 4.7. Forthe purposes of 
tlis example, villages I through 9 are 
already electrified.

Appendix H-2 
presents some supporting data and 
calculations.
 

il this 
case study, the cluster method will be applied. Tile clusters are
defined by applying the rule that each cluster covers 
the village(s) to be
electrified using the same 
new feeder or the same extension (or branch) ofexisting feeder for 
an 

grid-based electricity. For decentralized generation
(DG), each cluster consists of the 
village(s) electrified by one diesel
 
plant. From the central grid there 
are four clusters:
 

- CG-l: villages 10 through 14 
- CG-2: village 15
 
- CG-3: village 16
 
- CG-4: villages 17 through 20
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------ ----------------------------------

Table 4.8-4
 

C:compar'ison of Village Rani'ino
 
Based on Different Approaches
 

F-OFULAT ION
 

DISTANCE CUMULAF[
 
VILLAGE FOPUL.AT ION INDIVIDUAL BENEFIT-

NUMBER PASED V ILL.GES(* RoiTIOS
 

(1) (2) ()
 

2 12 4 2
 

15 12 9

4 1T V T 10
 

5 4 2 15
 

7 I 
 5 12
 

9 8 it 1_
 
1 14 15 14
 

12 10 7 4
 

: 8
36 

14 5 9 5
 

15 7 1t 7
 
16 11 14 It
 

(*) Distance from Grid substation to village
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Table 43-I presents the economic parameters used for these villages; all
benefits and costs by customer type are Included except for the areadistribution (line costs between villages) which are village specific. Table4B-2 presents the benefits and costs data for each vilage except again forthe area distribution costs. Table 4B-i presents .allbenefits And CCoStS

(including area distrlhution) by cluster.
 

For the Ldentr.li.ed .,ener[.ti on diesel options, there are five clusters: 

- DG-i: vilage A
 
- DG-2: vii [age B
 
- DG-3: village C
 
- DG-4: village )
 
- DG-5: villages E and F
 

Table B-4 presents the economic parameters for eich customer type; thlistable is sitrt I Ar to Iable '"H-I except the central grid costs ire notLnclu(ie(l. )]i- e Lge raa LtO ,oOW1.S)l ArS nor. Inc bLded h.(,illle o t ire vi1 I ig especl c ei ther due rto ,economies of o ile or lo ,1., e-l hased rds. Table4B-5 presents the "t.al beneftits aind cost, tar Lhose rmoet viI lr.s . C-asterDG-5 Is more economic than separate di Lesel plants in flndbenefit-cost ratio (CR) 
it. ed by tLho nighner

for the two together of U. 3 versus BCS or 0.26 and0.19 ind iv!.dually. Appenditx 11- presents rhe ba is t)r rhe d isel ge-'neration 
cost estimates. 

fle ranki ng or - I lage clusters based on their BIUs is
 

Cluster/Villa_s 
 Benefit-Cost Ratio
 

DG-5: E, F 
 0.31
CG-l: t0, 13, 14,11,12 0.30
 
CG- : 
 1,7, 18,19,20 0.29 
DC- I A 0.25 
DG-2: 
 8 
 0.23

DG-4 : D 0. 21
(cG- 3: L6 0. 20 
DG- 3: C 0. 16 
CC-2: 15 0. 1' 

The electrification of villages, if selected according to this ranking, wouldproceed cluster by cluster. In this example, first villages K and F would beelectrified by one diesel plant and connected by a II i st ribuition line. Thenthe existing feeder would be extended to electrify villages 10 hrougn 14, andso on. The available budget for this district and the ranking of other"lusters are not shown in this illustrative list wouldl determine t.he actualvillages electrified. (It should be remembered that tis is A ranking ofvillages; and while village selection may be primarily based on this ranking,ocher factors may lead to the selection of other vii lages lower on the list. 
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---- --------------------------------------------------------------------------------

IABLE 4B-1: 
 ECONOMIC ANALYSIS OF DIESEL OPTIONS TO ELECTRIFY VILLAGES IN REMOTE AREAS
 
DISTRICT KALAT, TEHSIL KALAT (6 SAMPLE VILLAGES) 

PARAMETERS FOR ECONOMIC ANALYSIS 

.......--------------------------------------------------------------------------------
Sr. DESCRIPTION HOUSEHOLDS COMMERCIAL SMALL 
No.. . . . .. -- -- -- --- -- -- --- -- -INDUSTRY 

LOW AVG. HIGH COMMUNIT w 
I ICOME I NCOME INCOME 

-----------------------------------------------------------------------------------
i. PRESENT ORTi OF bEkNEFIFS 

TUBEWELLS 

- Gross Beneiiti/Customer 525 787 1882 700 21760 16800 

- PWB a DF=L,', 

I k 
Rs. 

KJk00) 

2556 

2.56 

3831 

3.83 

9162 

9.16 

3408 

3.41 

105937 

105.94 

61789 

81.79 

B. PRESENT WORTH OF CAPITAL 

- Peak kW per Customer at 
Distribution [ransiormer 0.22 0.47 1.31 0.39 16.74 10.85 

- Coincident Demand/Customer 
at Generat~oii Level kW 

-Capital Cost 

0.17 0.36 1.00 (1.30 12.60 8.30 

a, .onnection Cost Rs, 840 840 840 840 6300 2B175 

b. Vllage D1strib-ition 
Cost @ 1750/kj Rs. 385 823 2293 683 29295 (1 

Sub - Total R5. 1225 1663 3133 1523 35595 28175 

- PW of Capital (Rs.000) 1.84 2.49 4.70 2.28 53.39 42.26 

C. PRESENT WORTH OF ENERGY 

- kWH per Customer 240 540 1B00 500 12800 8300 

- Cost of Energy 
@ Rs. 0.51/KWh 0.00 0.00 0.00 0.00 0.00 0.00 

- PW of Energy (Rs. 000) 0.00 0100 0.00 0.00 0,00 0.00 

D. PRESENT WORTH OF 
(Rs. (100) 

COS] 
1.84 2.49 4.70 2.28 53.39 42.26 

DISCOUNT FACTOR 
 lOX TIME PERIOC 7 Years 
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---- --------------------------------------------------- --------------------------------------- -------------- - - ----------------

--- --- ----- --------------------------------------------------

TAble I8-2: ECONOMIC AILYSIS OF ALL opr'Tiot, ro ELECTRIFy VILLAGES Alto TUBEWELLS 
rJISTRICr KRLnT. TESIL KALFT (20 SAIPLE VILLAGES) 

TOTAL C~rITAL ItVE;rTMFr. PRESENT WORTH OF COST PFF PRESEHT WORTH OF BENEFITS 

-------------------------------------------------------- 2 1-Jul -86 
S.-. DE SZI P r Io ------ ----------------HOH';E tHfLRD SMnLL -----COIERCIAL TUBEWELLS 11 kV TOTAL rOTAL rorAL 

-O... . ...  -INDUSTRY * rO tiUNIFy LINE CAPITAL P4 OF PW OFLOW R(EPAGT GH TOTAL COST COST BENEFI rsNCOrIE INmCnIE Ti C"E (R-. 000) CR5. 000) (R5. 000) 

R. PER USER (R3. 000) 

a. Capital Invqfpe_ 

b PrQson' Worth of Coits 
(_ Pr 9nt Worth of Pinefit 

9.19 

10.95 
5.25 

18.69 

21.98 
7.81 

19.70 

60.68 
18.82 

62.39 

707.17 
217.60 

15.78 

18.83 
7.00 

115.76 56.00 

166.39 81.00 
168.00 0.00 

B. PER VILLAGE (No.j 

I. Kohirng 
2. B.int 
3. i I gl zar 
1. 11N,I t 
5. J 1 al abd 
6. Lirari 
7. Gurk 
8. 'hmdAbad 
9. ea &at 
10. rath hufaammd 2ai 
11. Chhapper 
12. .kMn Zai 
13. Toghay 
11. Chatti 
15. Gima.andw, 

16. H12%.*n Zalo 
17. Iskalko 
18. Sore, 
19. Vous.afi 
20. Tarik 

102 

31 
55 
72 

33 
105 
30 
37 
67 
51 
55 
51 
81 
85 
30 

12 
165 
55 

39 

18 

16 

5 
a 
I1 

5 
16 
5 
6 
10 

8 
8 
8 

13 
13 

5 

6 
25 
8 

6 
7 

2 

0 
2 
2 

1 
2 
0 
0 
2 
1 
2 
1 
2 
2 
0 

1 
1 
2 
1 

2 

120 

36 
F5 
5 

39 
123 
35 
13 
71 

63 
65 
60 
99 

100 
35 

19 
191 
65 

16 

57 

1 

0 
0 
0 

0 
1 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
1 
0 

0 
0 

15 

5 
9 

10 

5 
15 
5 
5 

10 

7 
9 
7 
12 
12 
1 

6 
23 
6 

6 
5 

2233 

-67 
913 
1116 

535 
2261 
57 
512 
1080 

822 
913 
791 

1329 
1338 

1 

655 
321 
837 

6U7 
?S1 

2580 

511 
1069 
1310 

626 
2613 
533 
631 
1263 

960 
1069 
927, 
1553 
1561 
511 

765 
3710 
1050 

733 

895 

1022 

237 
152 
572 
2(6 

1037 
232 
26 
5 8 

11 
152 

665 
670 
225 

329 
1517 

313 
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Table 16-3: ECO[MIC ANALYSIS OF ALL OPTIONS ro ELECTRIFY VILLAGES FM 
oISTRICT KPt.AF. TEHSIL KRLRT (20 SAMPLE VILLAGES) 

ECONiMIC BEUEIr-COST Rrjo BY CLUSTER OF VILLAGES 

TUREWELLS 

CLUSTER No./ 
VILLAGE No. 

OPTION FROM TO Hr 

Line 
k, 

CAPITAL COST RkS. 000) 
- - - --
LINE VILLAGE rOrAL 

Pi4C (R3. Oci) 
---

LINE VILLAGE rOTAL 

PUS (P_3.00 NPUB 
- -

LINE VILLAGE TOTAL CR3.000) 

RATIO 

cApirL 

CLUSTER 1 

10 
11 
12 
13 
11 

CLUSTER TOTAL 

2 
3 
5 
2 
2 

9 
10 
11 
10 
13 

10 
11 
12 
13 
11 

2.0 
6.8 
6.3 
8.3 
6.5 

29.8 

112 
378 
350 
162 
36-1 

1666 

822 
913 
73-
1329 
13)8 

516 

931 
1291 
1141 
1791 
1702 

6862 

168 
567 
525 
693 
546 

2199 

3S6O 
1069 
32? 
1553 
1561 

6073 

1128 
1636 
1152 
2216 
2110 

8572 

0 
0 
0 
0 
0 

1 
152 
399 
665 
670 

2600 

'14 
152 
339 
665 
670 

2600 

-711 
-1184 
-1053 
-1581 
-110 

-5972 

0.367 
0.276 
0.271 
0.296 
0.319 

O.303 

-0.26.1 
-0.917 
-0.921 
-0.883 
-0.8% 

-0.870 

CLUSTER 2 

15 1 0 15 13.6 763 11ii, 1201 11l5 511 1659 0 225 225 -1131 0.136 -1.191 

CLUSTER 3 

16 

CLUSTER I 

1 0 16 10.1 567 F-5 1222 851 ,6.5 1616 0 323 329 -1287 0.203 -1.053 
c\i 

17 1 
18 2 
13 2 
20 3 

---------.-------------------

CLUSTER TOrnL 

0 17 7.5 -20 3221 3611 630 3710 1370 0 1517 1517 -2853 0.317 -0.78317 13 11.1 623 837 1520 335 10150 1985 0 1 15 15 -1539 0.221 -1.01317 19 10.0 560 627 1187 8140 7-23 1573 0 313 313 -1260 0.199 -1.06219 20 6.1 357, 7S5 1122 536 895 1131 0 380 380 -1051 0.265 -0.937 
--------------- - - -------------------

35.0 1960 5513 ?173 2910 6118 9358 0 2655 2655 -6703 0.28 -0.897 
~~~------------------------------------------------------------------------------------------------------

--------------------------



------------------------------------------------------------------------------------

Table 41-4: ECONOMIC ANALYSIS OF ALL OPTIONS TO ELECTRIFY VILLAGES AND TUBEWELLS
 
DISTRICT KALAT, TEHSIL KALAT (20 SAMPLE VILLAGES)
 

PARAMETERS FOR ECONOMIC ANALYSIS
 

IA-Jul -88 

Sr. DESCRIPTION 	 HOUSEHOLDS COMMERCIL SMhALL TIJBEWELLS 
No. -+ 
 I NJS TRY 

LOW AVG. HIGH UOMMUNI TY 
INCOME INCOME INCOME
 

........--------------------------------------------------------------------------------


A. PRESENT WORTH OF BENEFITS
 

-	 Gross BenefitsiCustnmer 525 787 1882 700o 21760 16800 

- PWB @ DF-lO'. Rs. 5250 7870 18820 7000 217600 168000 
(Rs . 000) 5.25 7.87 18.82 7.00 217.60 168.00 

B. PRESENT WORTH OF CAPITAL 

-	 Peak IW per Custo'r, r at
 
DistriLution Transformer 
 0.22 0.47 1.31 0.39 16.74 10.85 

- Coincident Demand/Custofpr 

at Generation Level kW 0.17 (1.36 1.00 0.310 '2.BO 8.30 

-	Captial Cost
 

a. 	 Connection Cost Rs. 840 840 840 840 6300 29175
 

b. 	Village Distribution
 
Cost @ 17501kW Rs. 365 823 2293 683 
 29295 

c. 	 Generation & Transmission
 
Cost @ 300001kw 
 Rs. 5100 10B00 30000 9000 364000 249000 

Sub - Total Rs. 6325 12463 33133 10523 419595 277175 

- PW oi Capital {Rs. 00) 9.49 18.69 49.70 15.8 629.39 415.76
 

C. PRESENT WORTH OF ENERGY
 

-	 kWH per Customer 240 540 1800 500 12800 8300 

-	 Cost of Energy 
@ Rs. 0.61/kWh 146.40 329.40 1098.00 305.00 780(8.00 5063.00 

- PW of Energy (Rs. 000) 1.46 3.29 10.98 5.05 78.08 50.63 

D. PRESENI WORTH OF COST
 
(Rs. 000) 10.95 21.98 60.68 19.83 707.47 466.39 
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TABLE 4B-5: ECONOMIC ANALYSIS OF DIESEL OPTIONS TO ELECTRIFY VILLAGES INREMOTE AREAS
 
DISTRICT KALAT, TEHSIL KALAT (6SAMPLE VILLAGES)
 

TOTAL CAPITAL INVESTMENT, PRESENT WORTH OF COSTS, BENEFITS AND B-C RATIOS
 

............................................---------------------------------------------------------


Sr. DESCRIPTION 
 HOUSE HOLDS 	 SMALL COMMERCIAL TUBEWELLS 11kV
 
No. 	 --------------------------------------
INDUSTRY +COMMUNITY LINE
 

LOW AVE. HIBH TOTAL per KM
 
INCOME INCOME IACOME
 

A. PER USER (Rs, 000)
 

I.Capital 1.94 2.49 4.70 	 53.39 2.28 56.00
42.26 

Investment
 

b.Present Worth 1.64 2.49 4.70 	 53.39 2.2B 84.00
42.26 

of Costs
 

c.Present Worth 2.56 3.63 9.16 105.94 3.41 BI.79 0.00
 
oi benefit
 

d.Peak demand XW 0.22 0.47 1.31 	 16.74 0.39
 

e,	Energy Consiapt 240 540 IBO0 12BO0 500
 
per Yeal
 

B. PER VILLAGE (Nu.)
 

1. Rlaq wash 66 13 2 101 0 12
 
2. Narmok Thdkht 75 II 2 88 
 0 I1
 
3. Siwan Koh 16 2 1 19 0 2
 
4. Lope 	 59 9 1 69 0 
 8
 
5. Choto 	 91 14 2 107 0 
 13
 
6.T obo Q8 7 1 56 0 7
 
7, Choto * Tcbo 139 21 3 163 0 20 336
 

TOTAL VILLAGE VILLAGE DIESEL PY OF DIESEL TOIAL PV TOTAL TOTAL B-C 
CAPITAL DEMAND DEMAND CAPITAL OPERATING COST OF PW OF PW OF RATIO 
COST (KW) (KWH) COST COST DIESEL COST BENEFITS 

(RS, 000) IRs. 000) (RS. 000) (Rs. 000) IRS, 000)(Rs. 000) 

C. PER VILLAGE
 

1. Rig Wash 227 32 37260 347 762 1109 1336 329 0.246
 
2. Narmok Thakht 200 29 33040 348 715 1063 1263 290 0.230
 
3. Giman Koh 44 7 7720 144 22B 372 416 65 0.155
 
, Lope 154 22 24820 324 598 922 1076 222 0.206
 
5. Choto 241 39500 	 782 1365
34 342 	 1124 349 0.256
 
6. Tobo 	 126 I 20600 293 520 813 939 183 0.195
 
7. Choto 4 Tobo 368 52 60100 159 839 998 1702 532 0.313
 



This ranking, which Includes both central grid and decentralized 
generation, is obviously sensitive to the relative costs of generation
(and transmission for the central grid) f rorm each sour.e. Although
only approximate cost functions are necessary, as discussed above,more work would be useful to refine the costs used thisin .nalsis. 
Furthermore, this refinement work would exami n ore loselv what

level of cost detail is needed or what costs 
 can be i.gnored or 
simplified.
 

For example, In this analysis, the losses on the 4 km line between
villages 
E and F are not included. They would increase total costs by

less than 3 percent, but this issue should be e:nimined in detail for
if the distances are 
longer to determine 
its effect. Nevertheless,

the parameters needed 
for the central grid remain the long run

marginal costs either 
in terms of capacity and energy charges 
or peak
and off-peak charges plus peak coincldence or diversity factors at the 
generation point. For the diesel decentralized generation option, the 
most Important parameters are diesel captal and operarinV ( or
 
recurrent) 
 costs as a function of scale. 

4.8.3 Case Study: NWFP, District Bannu, Tehsil Lakki larwat 

This case is used to Ilnstrate (1) the differences between the
 
incremental and cumulative 
 methods in the patterns of villages

selected for electrifi-cation, 
 and (2) the advantage of using any B/C

method over those that 
 rely strictly on the proximity to the grid.

The data used for calculating these benefits 
 and costs are presented
 
In Tables 4C- I And 4C-2.
 

Table 4C-1: Rankings of Selected Villages by Method
 

Marginal Total
 
Incremental 
 Incremental 
 Cluster Cumulative
 

3 3 3 3 
2 1 2 i 
1 
 18 
 9 8
 
7 
 19 
 7 18
 

18 
 17 
 1. 19
 
19 21 18 
 20
 
17 
 7 
 17
 
21
 

Total
 
Spent: 20,490 
 19,929 19,734 
 20,186
 
Total
 
B/C: 2.76 
 2.15 
 2.68 
 2.60
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Tabl, IC-2: ECOHOMIC ANALYSIS OF ALL OPTIOINS TO ELECTRIFY VILLAGES AND UBIELLS
OISrRICT BRMU, TEHSIL LAKKI mRRuR (21 SRMPLE VILLIGEs) 

ECONOMIC BEHEFIT-COST RATIO BY VILLA3ES FOR TECHNICAL OPTIOM 

OPTION FROM TO Hr LINE CAPITAL COST (R5. 000) PUC (Rs-. OOO PB4 CRs. 00) MPUB 

2,1-Jn-88 

RATIO 

Nubor t, LINE VILLAGE TOTAL LINE VILLAGE TOTAL LINE VILLAGE TOTAL (Rs.000) 
S -CR HP$4B 

CAPITAL 

1 

2 

3 

1 

5 

6 

7 

8 

9 

10 

11 

I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1a 

2a 

0 

1. 

0 

6 

7 

1 

2 

10a 

5 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1.050 

0.060 

5.550 

3.150 

10.050 

2.700 

5.100 

5.250 

6.600 

1.0b0 

8. 100 

59 

3 

311 

193 

563 

151 

286 

291 

370 

59 

15 

2129 2186 

556 559 

1185 17'96 

1552 1715 

603 1166 

138 619 

2134 2119 

1089 1383 

2691 3061 

1552 1611 

2175 2929 

88 

5 

166 

290 

81 

227 

128 

111 

551l 

88 

680 

2123 2217 

556 561 

4185 952 

1552 1812 

603 1118 

198 725 

2131 2562 

1089 1530 

2691 -32,16 

15:)2 1610 

2175 3156 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6821 

1776 

14321 

982 

1916 

1605 

6810 

3185 

8621 

4'82 

7915 

6821 

1776 

1-1321 

1982 

1916 

1635 

68-10 

3485 

8621 

1982 

7915 

%1101 3.076 

1215 3. ;7 

9369 2.892 

3111 2.705 

"V-8 1.323 

880 2.215 

1278 2.669 

1955 2.278 

5375 2.656 

3312 3.038 

T159 2.508 

2.101 

2.173 

1.953 

1.800 

0.qO1 

1.357 

1.768 

1.113 

1.756 

2.075 

1.625 
12 

13 

11 

15 

16 

17 

18iea 

19 

20 

21 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

11 

11 

15 

15-, 

0 

17a 

0 

19 

17 

12 

13 

11 

15 

16 

17 

18 

19 

20 

21 

1.800 

2.850 

3.750 

1.200 

15.900 

0.300 

13.050 

1.05 

3.750 

269 

160 

210 

67 

890 

Z.800763 

17 

?31 

227 

210 

801 1070 

2193 2653 

1121 1634 

2769 2837 

3550 1-111 

2271 2512 

2105 2122 

2117 3118 

113e 1661 

1561 1771 

103 

239 

315 

101 

1336 

103 

25 

1096 

310 

315 

801 1201 

2193 2733 

1121 1733 

2769 2870 

3550 1886 

2271 7677 

2105 2131 

211? 3513 

1137 1777 

1561 1879 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2567 

7367 

1512 

8851 

11358 

7251 

6751 

7738 

1581 

5019 

2567 

7967 

1542 

8851 

11358 

7251 

6751 

7738 

581 

5019 

1363 

5235 

2803 

5980 

6172 

151" 

1620 

1225 

2807 

3110 

2.132 

2.916 

2.611 

3.091 

2.325 

2.709 

3.169 

2.203 

2.579 

2.671 

1.271 

1.973 

1.715 

2. 108 

1.158 

1.79 

2.177 

1.312 

1.687 

1.770 
-- -- ---- -- -- -- -- -- -- -- -- -- -- -- -- ---.-- -- -- -- - -- -- ---.-- -- -- -- -- -- --.- ---.--.- -- -- -- -- -- -



10
6 0 21 

139 

11 

FIG. 4C-1 Sample area. Tehsil Lakki Marwat. 
District Bannu 
Showing optional technical solution 
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Incremental B/C Mechods 

One approach to the village selection process is to make
 
individual decisions, one village at a time, based on the best option
 
that is avallable. The questiun here is the method of computing the
 
henefrits and COSLS. At one extreme, the benefits and 
costs fur the
 
next PUI:/. te MiiaLd And wne best chuice 
 5 based ll Lhe
 
,ittt1Ct. ',_LI , i .' Lle Vh.;'.t step. 
 ThiS Is called Lhe "I'ginal
 

Lin[c reme lL 1 " i I ' e,.-LU d 


Using ibiS eithod, viltiags L, 2, 3, 7, i7, 18, L9, 20, and 21
 
will be eleCLritied if 40 of the budget necessary to electrify all of
 
the vil lages is available. The main d isadvantage to this mecthud is
 
that vtildgeS ly ing urtbcer along the feeder are ignored Illthe
 
decil-sLo-wak ing process,. If a Village with a low B/C ratio must be
 
electritied 5UiCte I VII lWAe hdL is far nore atractive, It 
 is 
po.sibl, tLa Lit: more at raiCLiVye vi.lige will lever Je electrified. 
In this ,adb , Vi.lla ges Aind 9 are omitted, which are on the same 
lieederS do vi ige>, iid 2, Ct.eSpeCLLViely. 

To red i ntage, the logical 

IS CO include the beilettlS lid Costs ot two villages along the same 
feeder in rhe calculat ions of B/C ratios, increasing the "umber of 
Options ndcn CdeilSr ideaLLon. This will also result in the need for 
iterdtive collpur itns 

uce LnI S.dva extcnsion o this met hod 

Ai benef its and costs, and is therefore a
 
complex i iratL IVe process. It is not evaluated here.
 

Extending chi process CU three villages results in an even larger
 
number of otLOns ,At each step. In addition, the iterative character
 
of tihe methud becomes even more difficult and cumbersome.
 

Inltie Otlh e ; relne case, all of the villages chat lie on the 
rest of t feeder ,or branch are Included in the compu tuatin of the 
B/C ratio. The B/C ratios are calculated based on the cumulative 
costs and beineits from the outside or end of the feeders inward 
toward the generation or substation point. '[his is referred to here 
as the "Total Incremental Method." Instead of creating an impossibly

large number or posIbilites, this process eliminates the need for 
Iterative computations of B/C ratios and the number of options are
 
equal co the number of branches available at any given time. It does,
 
however, require repeated re-examinations of the available options and
 
is therefore somewhat iterative.
 

The first decision is among the four feeders, each of which has a 
B/C ratio chat incorporates the benefits and costs of all the villages
 
along Chat feeder. The main advantage to this method that it does not
 
require any Iterative computations of B/C ratios. In addition, 
no
 
village with a high B/C ratio will be ignored, even if separated from
 
the feeder by a village with a lower B/C ratio. On the other hand,
 
attractive villages closer 
in can be grouped with less attractive ones
 
lying farther out on the feeder, resulting in a lower B/C ratio and
 
delaying the electritication of closer, attractive villages.
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In this case, the result using the Total Incremental 

method is very similar to that using the Marginal Incremental 
Method. The only difference is that villages 2 is omitted.
 
The benefit/cost ratios ace also very similar.
 

The Cumulative Method 

The real contrast is apparent when comparl-n, thqy tww 

incremental methods to the cumulative method. Ile vi l lages 
selected using the cumulative method are 1, 3, 8, 15, Ad, 19, 
and 20. Besides being a very scattered pattern of vi llages, 
and therefore bypassing many villages in the process )f 
electrification, this method resuilt in the lowest I/C ratio ol 
the four methods considered, only 2.68, compared Lo 2.75 for 
the Total Incremental and 2.76 for the Marginal Incremetil 
methods. 

The ProxiM. t, Method 

The method chat has been used in the past isgign:; a higher 
priority to those villages that are closest to the grid. These 
are therefore electrified first. The B,C ratio that results 
from this method was estimated and compared to that from the 
other four methods using a B/C ratio. 

Using the distance-to-grid criterion alone, the villages
 
that will be electrified (with a 40% budget limitation as 
above) are 1, 2, 3, 4, 5, 6, 7, 8, and 9. The total B/C ratio 
was only 2.40. This is obviously not the optimal combination 
of villages to electrify. 

4.8.4 Case Study: Sind, District Thatta, TehsiL Thatta 

Figure 4D-1 presents a map of the villages for this case 
study. The costs and benefits of electrifying the 22 villages 
in this area are presented in Table 4D-1. These were used in 
four area planning methods to rank the villages under with an 
available electrification budget limited to 40% of the amount 
required to electrify all of the villages. These rankings are 
listed in Table 4D-2, including the rankings using the present 

method, with population/distance-to-grid ratios.
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FIG. 4D-1 	 Sample area. Tehsil Thatta 
Showing optional technical solution 
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TAb]o ID 1: ECO4IIIC f'"ALYSIS OF ALL OPrICrts TO ELECTRIFY VILLRGES AND rUBEWIELLS 

DISTRICt THATTA, TEi-KK, .s-AF", (22 SrtIPLE VILLAGES) 

ECtiOMIC BENEFIT-COST RATIO BV VILLRCS FOR TECIMICRL OPrIOi 

.................................-
op1rIO4 

Vi 11 ago 
FP.Or TO HT LINE LRPITAL 

- - -

COST 

- -

CRS. 000) 
-

P14C CP]. 000) PUB CR-3. 00 HWMO 

21-Jun-88 

RAT71O 

Numbor km LIN .'rLLnGE TOrAL LINE VILLAGZ TOTAL LIME VILLAGE TOTAL CR.000) 
R 

CAPITAL 

I 1 la I 0.250 1I 691 711 21 69? 718 0 2133 2133 1115 2.972 1.931 
2 1 2a 2 1.750 98 2V10 2238 117 260 2787 0 808 8097 5300 2.901 1.935 
3 1 0 3 6.250 35f) 873 1223 525 873 1399 0 2832 2832 1131 2.026 1.173 

11 3 4 1.000 56 1139 1195 81 "139 1223 0 3504 3504 2281 2.866 1.910 
5 1 1 5 2.000 112 1326 1 .13 1G8 132S 1494 0 1059 9059 2565 2.716 1.783 
6 1 6a 6 0.825 13 1331 13R0 - Ii1 i 1404 0 1076 !076 2672 2.903 1.932 
7 1 3 7 6.500 36* 11Q8 17=92 516 1129 19'4 0 1367 1367 2393 2.212 1.335 
a 1 6 8 3.000 168 1194 1362 252 1191 11 6 0 3672 3672 2226 2.539 1.631 
9 1 8 9 2.250 126 833 959 183 833 1022 0 2538 2538 1516 2.183 1.580 

10 ! 9 10 1.750 266 911 1172 399 911 1310 0 2771 2721 1161 2.115 1.2-11 
11 1 la 11 6.000 336 667 1003 501 667 1171 0 2015 2015 8?1 1.712 0.872 
12 1 0 12 11.750 658 916 157 98? 916 1903 0 2781 2781 878 1.161 0.558 
13 1 12 13 1.750 266 1299 -175 393 14299 1698 0 13140 131-40 814.2 2.797 1.819 
1I 1 1Ia 1" 0.750 2 088 1130 63 1088 1151 0 3346 3316 2195 2.907 1.913 
15 1 15a 15 3.000 168 1519 1687 252 159 1771 0 '1635 1635 2861 2.617 1.697 
16 1 15 16 1.750 98 '=8 586 117 189 635 0 1505 1505 871 2.372 1.187 
12 1 0 17 10.750 602 521 1123 903 521 1421 0 1609 1609 181 1.129 0.164 
18 1 18 1 2.000 112 1200 1812 16S 1700 19-.9 0 5175 5175 3307 2.770 1.825 
19 1 20 19 3.750 210 1335 1515 315 1335 165P 0 1090 10910 2110 2.179 1.579 
20 1 0 2 8.25 462 1182 16+q' 693 1182 1875 0 3633 3633 1757 1.1937 1.069 
21 1 20 21 1.500 252 1856 2108 378 1856 2234 0 5693 5693 315, 2.518 1.611 
22 1 2 22 6.250 350 971 1321 525 921 149 0 296 2916 1150 1.970 1.098 



Table 4D-2: Rankings of Selected Villages by Method
 

Marginal Total
 
Incremental incremental 
 Cluster Cumulative
 

2 2 
3 3 3 
 22
 
4 4 4 3 
5 5 5 4 
6 12 22 
 5
 
7 13 
 6 12
 
8 
 7 13
 
9 8 

10 
 9
 

10
 
Total
 
Spent: 14,038 
 1 ,356 14,224 14,852
 
Total
 
B/C: 2.558 2.576 2.501 
 2.515
 

The largest beneflit/cosL ratio is only 3% higher than the 
lowest ratio. With such a small spread, this parameter is not 
critical to the choice of method. The choice will instead
 
depend upou tie desirability of tile pattern of villages
 
selected.
 

Incremen ta B/(C Methud ; 

Applying the "Marginal incremental Method," which
 
evaluates one village at a time, the first 
 choice would be
 
among viLlages 2, 3, 14, 1I, 12, 15, 
 17, 18, 1, or 20. Tihe
 
first choIce was to build 
 the Line to village 2. The next
 
choices were then 3, 14, II, 12, 
 15, 17, 18, 1, 20, or 22. 

Examining the benefits and costs of 
two villages along the
 
same feeder in the calculations of B/C ratios increases the 
number of options under consideration:
 

Option 1: Villages 2 and 22 Option 8: 
 Villages 11 and 12
 
Option 2: Villages 2 and 3 Option 9: 
 Villages 12 and 13
 
Option 3: Villages 3 and 4 
 Option 10: Villages 15 and 16
 
Option 4: Villages 3 and 6 
 Option II: Villages 15 and 17
 
Option 5: Villages 3 and 
7 Option 12: Villages 15 and 18 
Option 6: Villages 14 and II Option 13: Villages 17 and 18 
Option 7: Villages 14 and 12 Option 14: Villages I and 20
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Each one of these options will generate Its own B/C
 
ratio. After the 
best choice is selected, another decision
 
must be made: to 
build the line to both of these villages or
Just to the first one. In etcher case, all of the henefits andcosts must be recalcuLated after each choice is made, and a new 
set of options generated. This is thereforo a complex and 
highly tterative process.
 

Using the Total increment i method, the first decis)ion is 
among the four feeders. Each .f these has a B/C ratio that
Incorporates the benefits and costs of all the villages alongthat feeder. Alter the decision is made to electrify village
2, there are f ive B/C ratais to compare: for the three 
remaining feeders from the grid station, the toline village22, and a1l of the villages fed hy the line from point 2A to
village 3. At each point, the henef1LS and Costs of all the

remaining 
 vil[ages are included in the decislon process. 

The main disadvantage to this mtchod is that It requires
continuai re-exam itL ion ot the opt ions available to determine 
the best choice. 

Cluster Methud 

This area Includes a total of six clusters. They are 
defined as all 
of the villages on same or
the nearby feeders:
 

B/C
 

Cluster 1: Villages 2 through 5 and 22; 2.55
 
Cluster 2: Villages 6 through 10; 
 2.44

Cluster 3: Villages i and 19 through 21; 2.40
 
Cluster 4: Villages 11 through 14; 2.39
 
Cluster 5: Villages 15 through 18; 
and 2.27

Cluster 6: A combination of Clusters I 2.and 2.50 

Three of four
the feeders are considered individual
 
clusters, and 
the largest feeder was 
broken up into two

approximately equal clusters. 
 An alternative would 
be to treat

this large feeder as 
one cluster. The decision as to whether
 
to create smaller clusters is partially dependent 
on whether
 
the rural electrificatior 
budget 
for this cluster is restricted
 
by a small total district 
budget, or by the political desire

disperse the district 

to 
budget over a larger number of clusters. 

4-52
 



The first step in village selection using the Cluster
 

method is to rank the clusters in terms of their B/C ratios.
 
On the basis of the above data, the rank order of the clusters
 
would be 1, 6, 2, 3, 4, and 5. But since cluster 6 includes
 
clusters I and 2, and since the electrification of clusters i
 
and 2 exhausts the budget lImitation, there Is in this case an
 
Unadb iguous c hoice t viillages. 

Had tie B/C ratlo fOr cluster I been much lower than 
clu .er 2, then the electrification of cluster 2 would have 
depended on the comparative ranking of cluster 6. In that 
case, the electrification of cluster 6 (including both clusters 
I and 2) would have depended the availability of funds for all 
of these villages. 

The pClmary benerit or tiLs met od is Its simplicity; the 
beneKf i ta and CoUSt are SLraignlt forward and easy ta compuLe, and 
it does not Involve an iteraLive process In terms of 
recaLculating the B/C ratios. It also minimizes the 
proliferati ot opLIonS as eleCtrficalon proceeds, as do the 

Incremental OiN methods.
 

A substautial benefit of this method Is that no village 

that is very near an existing feeder will te left unelectrified
 
even If it.has a very low B/C ratio. Another benefit is the
 
optImizatlou ot the use of equipment and labor. Once a tender
 
is selecLed, the entire feeder is completed and all of the
 
conLstructon iS concentLrated In cnat location resulting In 
minimal movemenL ot machinery and laborers. 

An attribute of .he Cluster method is that it results In 
the elecirification of geographic groups of villages and can 
easily Ignore villages located elsewhere that have vory 
attractive individual B/C ratios. The extreme, as demonstrated 
in this case, is that all of the selected villages are located 
in one part of the area, ard all other villages and clusters
 

remain unelectrKfied.
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Cumulative Method
 

This method is the reverse of the "Total Lncremental"
 
method, in that B/C 
ratios are computed for all villages
 
starting from 
the grid station and working outward. The B/C
 
ratio of any village it the end of 
a feeder Incorporates the 
costs and benefits of all the villages beteen it and the 
grid. Using this method, the villages selected were similar to 
those using the Total Incremental method, except that village 
22 was Included. 

This process Involves the selection first of the village
 
with the highest B/C ratio in the If
area. the electrification
 
of this village requires the electrificat ion of others that are
 
nearer the grid, 
then these must be electrified first even if
 
their B/C ratLos ire Lower than other options.
 

This is amply ilust rated by this partictilar area plan.
 
After the electrttcat LOn ot villages 2, the second ranked
 
village is 5. Bit in order to electrify village 5, villages 
3
 
and 4 must be electrified first, even though they are 
ranked
 
15th and 3rd, respectively. In order to electrify village 12,
 
which is ranked 4th, village 12, which is ranked 20th must 
be
 

electrified first.
 

The advantage of chis method is that, as with 
the cluster 
method, little iteration Is needed as the village ranking 
process cone Inues: no recalculat ion of B/C ratios and no 
re-examination of options. This advantage also leads to
 
disadvantages in that villages near branches 
that are already
 

ranked might be overlooked.
 

This problem arises because 
projected distribution costs
 
to unelectrified villages are not recalculated (that is,
 
reduced) after their
part of feeders are constructed, In order
 
to electrify other villages. This disadvantage could be
 
reduced by recalculating the distribution costs 
after one or
 
more villages 
are electrified. This recalculation could be
 
carried out after each village is electrified, or after a full
 
year's budget has been expended. In either case, the advantage
 
of ease of implementation is reduced.
 

Variations of this method 
could be developed to compromise
 
between Its advantages and disadvantages. For example, all
 
"T-Offs" or branches 
with only one village can be included
 
among the costs and benefits of the main trunk. In the case
 
presented here, village 
14 would not be considered as a
 
separate branch.
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4.9 	 Concludtnlg Remarks 

The important changes/revisions to policy that are 
discussed in this chapter include: 

I. 	 LIp lementatL on of iit ti aL Na tonal RE budget 
aliocatLions to tile Provinces and allocation of tile 
Provinces' RE budgets to its districts in accordance 
With tile revised procedures which weigh population 
and dcvulopmietnt potentiaL. 

2. 	 InVestmenls in v LLages/set t lements (or clusters of 
Villages/settlements) should selectedbe starCiig 
from the highest economic Benefit/Cost ratio (even I 
less than1) and proceeding in the order of 
decrei.;siig hC lntI11 the irea btldget is exhausted. 

,llon
4. 9. Vcl Ic;ct M(t!hods 

This chlaple- l, presented tlou c methods for selecting 
villages for eiecrLi, catLon that incorporate Benefit/Cost 
ratios. The major advantages and disadvantages to each of the 
methods discussed above relate mostly to the patterns in which 
villages are eIectritted. WhIle Lhere are some differences in 
the benefit/cost ratios that each method implies, these 
dirferen~es are relatively small. 

[he main disadvantage to the Marginal Incremental method 
is that it tends to ignore the benefits of villages lying 
further along the feeder. To compensde for this, it is 
possible to extend the B/C computation to include more villages
along the feeder. But Li this extension does not go so far as 
to include oi of the villages lying further out on the feeder 
or branch, tile process becomes increasingly cumbersome. 

Once the Marginal Incremental method is extended to 
include all of the villages as part of the benefit and cost 
calculations, it is no longer an iterative recalculation
 
process and the benefits and costs of all potential villages 
are included in the ranking process. However, this method, 
which is called tile Total Incremental method, requires a 
continual re-examina ton of the options.
 

The disadvantage of the Cluster method is 
that it may
 
result in the omission of villages with high B/C ratios if
 
these villages are in a cluster with low B/C ratios. 
 This can
 
also work in reverse, by including villages with low B/C ratios
 
because they are In a cluster with a high B/C ratio.
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The primary advantage of this method is that Ls its
 
simplicity of application. 
 In that sense, Lt also overcomes
 
many of the shortcomings of other methods. 
 It will also
 
include villages very near an existing feeder in the B/C
 
anaiysis even If they have very low B/C ratios.
 

"h Q iCi:[ .,m- ethod is more c.m,- thn th, Mi ster 
method, ind tnd,hYp.ss vii that .ire ver close to theo nes 


exist lng grid.
 

Wtile 
there is no one method that is clearly superior to 
the others In all respects intthis example, the Cluster method, 
due to its sim iiciy, seeins t,) he he best option among the 
four. 

In the fol low--on plainiing work, Lhe ranking method will be 
refined and , if o i'l , comp0t.crize'l. Re tinomenr': of nhe method 

part lv sr,will be a has.edaItd n c;s Ion; with field pe-rsonnel who 
will be uis n'g rt. 

Althouigh t ledat in tLi:; qt:tidy be used w,can n 

refinement of bas ic parameters otr tInancial and economic
 
evaluat ion wi ll be required for the development of a data base 
of all settlements and vill[ages. ThLs data base to
needs be 
developed to facilitate the selection of villages and tubewells 
on the basis of economic cri teria. These data issues are
 
discussed further ii Chapt er 6.
 

To ernture that this procedure can go forward, guideline
 
documents nust 
be prepared covering detailed procedures for 
village select ion cri teri.,a-, and parameters for financial and 
economtc analysis. 

Once this standard method has been agreed upon, the
 
planning, technical design, costing, financial 
and economic
 
evaluaCton of nume villages (including
rous tubewelis etc.) 
proposed for electrification can be developed. This will 
ensure that the total number of compiled rural electrification
 
investment project proposals 
that are deemed feasible and are
 
on hand is larger than the number for which funding Ls
 
available. The selection of 
projects for execution in any year
 
will then be based on this total list of projects. Annual
 
economic evaluations 
can also include special political or
 
social considerations.
 

4-56
 



Once Lhe vill-ages have been Selected, it Is necessary to examine thefinancial Implication 
for the utility. Based 
on the tariffs and the financial
costs of 
RE, the revenues and COStS for the selected area of 
eectrtitication
can be estimated. Based on this work, financial 
decisions concerning tariffsand traiisler payments to ','APDDA eitler fur capitWal " recuirfHL Costs C0ii be 
ld d .
 

To ,aJ re :;L He mjc i 
 A d POi I> d I ,NlbS j t0 Lie ei CLrLL t l)llO 1vi ilages )t se L.e dc.t ItId 1:; pUS Lbile to se up a Special fund. This fuud
could be used Li eeOCLI., vil ies with B/C ratos below a speciLic orminimal level. hits BIC lovu would be based on the Lowest levels forvllldgeS elect ited by tLe oe L:LtLon approach described in Lots chapter. The
elecritlc_'tion of VAIdege; W'Lt Low B/C rat ios by a Spe&:_ll Lund would makeeXplIClt L Co., -L. le giig ,dt1OUS pOLitLiA l And SOCalA Objuctives. '['hisMinimum BAi
i Itlo Could be usud to Serv/e AS a Cutoff for tundlinq, trow standard 
RE unds.
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Thaptcer 5
 

rtzcnnicai issues and Choices
 

A More Cosc-EffecEIVe Approach co RuraI eocrificaciun 

,.APDA 5 :'s'- , :rn' e Las,_ ac. on "s )fncctf pr,.ram 

cecrnical st_ ndarcs 
 In:d saeciLcar [ns dev,[toped c.4ency '.'eCrsSye3 2.-r 
both urban inc -u' .i r r - LCJ ion. Fh'e. currenc netnod )r
 
distribution nernd 
 conscruccior,,ra rural irtas
 
resulr.s in Vn11. ca) irr:,ns
.. u c CL wn .':0lC:h es Ind cubewe,1s forLr r I acron. ,4'APD:A r 1 2 cLrrt LcaL ion cus[. ire some c: , 
nfllgieSC Imon 
 S: I I ii 1-ies .
 

. ,',i[ISC L ! ick.rinJ rnT ucamil ati on JI 
 ,]L rirent ecnn,:a. 

:J- 1:JSp Zt= Jr CdC .ec ,.:E:0 ,C r1,:d Our 1, [,US scud?' LIOLcirAC_,

,hac rural ri1 i s cs ca n
1-'r: iE be great ly reduced bv in
 
approach raalored co rural caonaiions. A detailed examinacion of
 
dif fe rent areas -Altrc DOE tl'La 
 cOSt. saVInlgS exI s is made in s cc ,)n 
5.2. The remaining part of chis 
section summarize the findings. 

5.LI Possible Areas for Improvement
 

Distribution in rural 
areas needs the following improvements in
 
planning, design and conscructlon:
 

o More use of higher primary voltage
 
o Broader mix of phase options
 
o Wide use of prestressed concrete structures 
tor both [T and 

LT lines 
o More use of smaller conductors below 25 r2 for individual 

loads
 
o Less use of LT lines
 
o Better marching between cransformer capacity and demand.
 
o Possibly less stringent requiremencs on transformer losses 
o More use of capacitors
 
I J.ore use of volcage regulators
 
,0 Mtore deraLled planning, design and ngirneerLng 
0 ore c'osc opmi-'ac ion fur equipment and macecrals s, ,n 

5.-. Recommttdaci-ons foc Rural Z!eccrificacio. 
Planning, Des.';n .n Construcciun 

Based on detailed ,n.nac ian Or Jirceret ,otr n b, t 
recommended chac a ne,.v cos erttecitt.'e Ipproach Cu rur:l 
e c:Ccri f ic aL on -:winsti n IiouIiJ be .idoptLd by WAP A, ' ;uc in. 

delay. The lnent 5 ,r cn L, appro.ich rei a ols.ws 
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L. 	 Organiza tLon
 

EstabiIsn sDparac and strong rural 
 elect rif icatIon OfCf ce wC rn 
responsibility for rural electrCflcation planning, design and 
engineering ac cne headquarters and AEB Level as outlined in Chapter
) 

2. 	 Standards, eci:-:acons and Guidelines
 

DeVei'n o UnDL' v L )t scandards, sDciC'-- i.:)i1fs Ind
.' t1 


guidelines for Low cost rural distribution system expansion and
 
rehabLtsItiCcL)', 
 ncLuding guidelines for related transmission and
 
-grid starion e:Xpansion. These 
 standards and guidelines should be
 
included In -a new "Tecnnical >.anuaL 
 for Low Cost Rural
 
Zlectrnt icat-on 
 .xnansion and Renabiltation in Pakistan". 

3. 	 PoLes 

As soon is posie, abanoron use of steel lattice structures for 
network expansion and rehabilitation in rural areas. Use 
only low
 
cost prestressed concrete poles.
 

Set a target for the design, prototype development and testing of
 
low cost poles to s'ibstantially reduce line 
costs.
 

Examine WAPDA's existing prestressed concrete pole plants,
 
develop and implement a plan for 
a three shift operation to increase
 
capacity of production.
 

Encourage the private 
sector to establish new pole plants for
 
prestressed concrete 
poles. The existing steel 
lattice pole suppliers

should be encouraged to convert 
their plants to new requirements.
 

Stop the use of 36 ft. prestressed pole for HT lines. Use this
 
pole only for composite lines, if any.
 

4. 	 Conductors 

Introduce Low cost conductors such as steel cored aluminum 
conductors j[ size LK' mm- for some individual Loads (sucn as 
tubewells).
 

Select conductors only on the basis oe economic net present worth 
of capital, 0 & 'I and energy Loss costs. 

Before making deci.sions on conduccor selection, Lntroduce 
economically feasible maximum capacitor appLication and voltag,.: 
re Il aa ton. 

3efore changing conductors Consider aLL .ther options
(bifurcac ions, express feeders, .oltage regulation, ,upgrading.r 
vo l14e jc.C ind .ltcrmine the nost economic.i opCtin. 
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5. Transformers 

Review transformer design and consider introduction of:
 
o Transformer sizes more tailored to actual demand levels 
o Low cost single phase transformers
 

Introduce both llkV/O. 42kViO.23kV and 33k1'/O.,42kV/O..3kV single
anti 3-pnase transformers of sizes 5, 10, L3, 20, 25 and 51) kVA.
 
:ntroduce Luw cost 3-phase transformers of sizes 930 - )30 kVA.
 

[n'.troduc7 Lo- cost fixed cap voliage booster transformers. 

Eliminate items in transformer design which are not needed (fuses 
on HT, bica protection cap changer, cooling for 40 deg C and 50 deg C 
temperature rise in oil and winding). Introduce LT fuse on
 
transformers to eliminate excessive 
 rate of Durn out. 

Introduce -iore cost effective transfjrmer Jesitys through study: 
tours in otLner utilities abroad. 

initiate detailed design studies of transformers. 

6. Generation, Transmission and Grid Stations
 

Examine the attractiveness of decentralized generation options
 
under all projects and coordinate planning and extension of 

transmission and grid station facilities with rural electrification
 
expansion.
 

Evaluate all new transmission line 
and grid station expansions to
 
include distribution expansion options (33 
kV vs. ii kV) to ensure
 
that the 
large potential savings in distribution are not lost.
 

Initiate detailed design studies 
of integrated transmission, grid

station and distribution expansion in selected 
areas.
 

Develop a technical instruction manual fot integrated
 
transmission and distribution network expansion for 
rural areas.
 

7. Primary Voltage and Phase Options
 

In 311 new areas, introduce 3-phase, 33 kV distribution on main 
feeders and I-phase 33 kV, phase to phase distribution on all branch
 
lines.
 

Examine conversion of 
11/0.4 kV systems ro 33/0.4 kV in existing 
areas. Use the salvaged equipment in other areas for replacements.
Where 33 
kV is not a viable option, introduce 11 kV three phase on 
main Lines and LikV, phase to phase, single phase lines on branch
 
Circuits.
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Convert all existing L.T lines for tubewells and other Loads to 

single phase HT 

Iniciace detailed engLLeering studies of primary voltage ia 

phase options in selected areas under rural electriftication. 

S. Low Voltage Distri:ucion 

1istribulion one 

detailed studies co examine viability on the basis of existing and 

projected Loads. 

eluCe LT .bsolutea minimum. C.arr out 

ntroduce LnsuLateo twiscea conductors with related hardware for 
village dist ribution.
 

Intr-oduce nul ipl service cables. 

initiate detailed engineering studies for LT distribution design 
in a selected number )f villages to incorporate the above ideas. 

Evaluate the conventional and new approach thoroughly. 

9. AuLo-ReLlosers and Sectionalizers
 

Initiate studies and data collection to evaluate the need for
 

auto-reclosers and Sectionalizers and their costs and benefits. 

10. Meters
 

Introduce new meter standards, surveillance and calibration 

practices as well as time of use and kVARI meters. To reduce energy 

pilferage in Rural Electrification, meter installation standards must 

be reviewed. The design, construction and installation .candards 

should be revised to make meters tamper proof. Seal!lg of metels in 

the factories, sealing of anti-theft boxes using resins, introduction 

of breakable meter covers in case of tampering, and other methods 

should be tested. Independenc meter inspection by companies of 

repute may be Lntroduced to detect meter tampering. Exemplary 

discipLinar.' action should be taken in case of WAPDA staff in whose 

areas nalpractices are found. 

11. Capacitors 

Initiate detailed studies on c3pacicor applications to determine 

the need of capacitors in rural diatr'.buzion, grid stations and 

transmission. 

Make capaclcors mandatory for all Lnduccion Loads. 

install capacitors on ilL exisrting motors. 
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.litit ,i tudy to LaCroduct factoC s,'tSalLed capaciLors on all
 
new motors Jnd tuLorescent lamps tor rural electrLfication.
 

Evaluate existing grid sta-lon capacitor installations.
 

[niliaC-
 a study to exami.ne the potential of local nanufacturing
 
tor aill ypes ,or capacitors.
 

V . t 	 C e- ., II Lton0 

L1niiae 1I ; '; )j Cegulation it 

and customer Ln i and 


C 3t[ Uu oltage 	 grid stations, feeders 
aLiatLons their economic reLationship. 

Lnstail 'oltae Cegulat ion Iat LI Yrid stations. 

13. 	 )her T-ec nnlic i issues
 

1ntroduc-t 
Lower ,_ust "onnectors for LT service connections. 

.ntrodice Load manageMent )n all motor loads. 

introduce a nore effective material management program.
 

Identify use of current limiters for tariff development. 

Study the economics of using shorter time periods for the
 
selectin of transformer capacities and LT and HT lines.
 

IntroducL less expensive stays and earthing. 

Introduce load management time switches for motor loads only.
 

Introduce single phase motors up 
to 3 HP without phase converters
 
and larger three pnase motors 
with phase converters in the case of
 
new single phase HT distribution.
 

5.L.3 	 PossibLe Cost Savings with the New Rural
 
-lectrification Standards in New Areas
 

A .etiiled o:,amination of di.fferent cost 
saving options is made 
in section 3.2. 7he basic concepts were applied to tne 
electr-ficatcon )t a sample area in Punajao Table 5.1). it was found 
tnat tCe capital cost savings ia transmlssLon, 'id stat ions and 
-ural dlistc'ibuion expansLon can be about -is38% as compaCed to the 
xlSLting 132'/Li kV -rid system and IkV ,distribution Lines asLng

steel tat ice poles. The total cost ,of RE over 30 .eviars Lnc/udin
capitL.., )&", Ind energy Losses ,caI possioL, be -euc d about 32. 
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Savings inCapical Costs
 
0rnmsin& g'rid stations 55%. 

0 RXurl .JLsbLuciLn Expansi.on .V~30% 

Weighted Average of Total Savings for RE:38
 

Present. Value of TLocal R-E Cast Savings (Over 30 Years)
 
a ACapica, and o&IM 38%
 

o- nergy Losses 15% 

. Present Value of Tocal Costs: 33% 

5.1.4 Passible Cost Savings with New Standards in Existing Areas
 

Considerable cost savings are possible in expansion of 
discribution networks in existing eleccrified areas through adoption 
of new technical standards.._ Major areas where different options 
should be examined are as follows: 

. 

- Economic evaluation of conversion or expansion of existing 
132/11 or 66/li kV grid stations to 132/33 ar 66/33 kV. 

- Economic evaluation of conversion of 11 kV feeders to 33 kV 

through installation of 11/33 kV step-up transformers,
 
replacement of 11/0.4 kV transformers by 33/0.4 kV transformers
 
and replacement of 11 kV insulators.
 

- Evaluation of all other options such as cheaper poles, economic 
conductors, single phase options, conversion of LT lines to HT,
 
matching of transformer capacity with demand, installation of
 
insulated conductors, capacitors and voltage regulation.
 

In existing electrified areas, rehabilitation measures should
 
include conversion to higher primary voltage and transfer of load to
 
adjoining 33 KV or 11 kV feeders._ All the technical options
 
applicable co new areas can be considered in existing areas and 
should be evaluated caking into accouinc the costs and benefits oE 
conversion to new standards. 
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5.2 Analysi-s of recnnical Options 

The -ost, quil,rcy )f supply and reliabilit', of a rural 
distribution system -.s dependent upon the different technical options
 
available for electr:ficacion of .i village, a group of villages, an 
area or a ,roup of ireis. The tecnnical options in a new or already 
electrif ied arei convor rome undamencal issues such as (1) the choice ,between extension ectrtcit 4rid ) r decentralized generation, 

(2) cno ice )t vo -ge mna r.utes : rr:ransmission lInes, 3) 'cnoice
"° )r crmar '.oitsc~ :or aiwer .cisr-h:iaon, ,4 locations and sizes Af 

.-:Jce tons, anogrid oub-stt - Ln t'nEeentree pnase single pnase 
network, :r.) selecton as ofson -i transformers different
 
sizes -n :ndrlcler~st:,s inc service reianili, and voltage
 
reulai t ion 4tanca rc.s
 

The standards, snec. tot :,ns inc guidelines for distribution
 

Planning .1nad ,.vern nil on, ari
:tsg7. confgurat sizing al 

gual'v DF Inc 1 s[r!but n ' 'stem.
 

!e Leoi. 

suit.able from the engineering acceptability viewpoint, the
 
application ot tnese standards can result in low cost or high cost
 

Even n stmndcrdi, ,co[S ind .guideli.nes were 

solutions depenlJng poon whether the optimized solution was developed 

or whether the cost -ptimization aspects were totally ignored. 

Under the current study, the technazal issues and options have 
been examined through a number of case studies which illustrate the 
applicability of the basic concepts In sample areas in Punjab, Sind,
 

.IWFP and BaLuchiscan. 

Rural electrification Planning also covers an important aspect of 

the service to the customers - namely service quality and 
reliability. Both service reliability and service quality have cost 

imp Licat iOns. 

The question of investments in rural expansion versus 

intensification should also be examined wiLh reference to the 
avaiLaole :ecnnical options, cuss ina benefits. 

'he :noice or transmission line voLtae is made nv ',4APJA on the 
basis of demand rorecasting by -rid stations and load flow studies 
for design of the transmission network. These studies are, however, 
aot aequatel., integrated witn the optimized cnoice of primary 
distribution voltage and the number o- grid sub-stattons. The 
configuration of the transmission network for i 13,11 kV sys-em will 

be quite different Irom a 13233 V system. Consequentl,', ohe 
optimization studies .or t-rinsmissioni Line planning should 1o) k it 
the totil system -nvestment, operitLing coStS and energ- lssei ind 

compare li:fferent demand levels and development patterns. 
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[1n the current .;APDA system, the 06 kV and 132 kV transmission 
system planning and design is not a responsibility of the
 
distribut ion oraiZaLio0n as the definition 
of distribution restricts 
distribution Co tne il kV bus-bars of the grid substations. The 
transmission line planning is done by the transmission & grid

planning department and there is 
 a lack of co-ordination among the
 
optimization of cte transmission 
 Lines, the urai distribution system 
expansion, and renabiiitatlon. 

3S'fos,,-S t i:nizat .. and Optionson Tecunical 

Io examine C:ie viabilit.L' of different technicai options and
 
solutions, a number of design 
 and case studies were carried out. The 
primary' ,bec te ot tlese case studies was to illustrate the
 
app1icabiL
! I, 'f some ,)f the bis ic desi.n and p lanning concepts

discusseo earlier i:i tiis chapter. Each of these case 
 studies is
 
brief iv 1iscusseji in the following sections. The sample areas which
 
form tne n
basis tue data in the case studies relating t-o technical 
supp> Pct io 'S Ite s L' ii j".o; : 

, Punjao : ens-i okara, Districr Okara 
o Sind Tehsil Thatta, District Thatta 
o NWFP Tehsil Lakki Aarwat, District Bannu 
o Baluchistan Tehsil Kalat, District Kalat 

In the cost analysis, the total costs are the sum of capital
 
costs and 
 the present value or worth of (i.) operating and 
maintenance and (ii.) energy losses. A 30 year time period is 
used
 
as the life of equipment. 
 Annual operating and maintenance costs for
 
all equipment were estimated as 5 percent of total capital costs. In 
future work, this percentage should be more precisely estimated by 
type of equipment. Energy losses are valued 
at 2 Rs./kwh. This high
 
cost is still substantially less than that estimated in Table 3.4-5
 
above. This cost is partially due to the very low 
 load factors 
exhibited by rural demands. Furthermore, expected continuation by
rural Jdemands. Furthermore, expected continuation of loadshedding 
ano generation short'falls argue for a high value for electricity. 
The analysis 2oes nor include salvage values because its present 
value arter 3u years is not very large. 

.he cost evaluation methodologies used in this plan are based on 
various slmptlficatlion wrech need to be reviewed in future work. For 
example, most calculations for network design were performed on the 
basis of lOth year demands being present for tne 
entire 30 year time
 
period. A more detailed approach would require demand forecasts and
network and cost analysis for each year. 
 Future work for project 
design should utilize ;nore vigorous analysis. 
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Squipmenc costs Lnclude materials, Labor, overheads and 
transportation. A.lI costs except materials are estimated co be equal 
to 26 percent of he cotal materials cost. 

5.2.1 Equipment, Material and Construction
 

Once the electric distribution equipment and materials have been 
standardized' and specified the selection of suitable sizes and types
of equipment and material for a particular application can result Ln 

considerable savings can be made are (1) poles (2) conductors, (3)
 
transformers and (4) service cables. Choices of suitably reliable 
metering is important from the revenue collection and demand 
management viewpoints. Use of auco-reclosers and Seccionaiizers can 
improve system reliability. Capacitors and voltage regulators 
concribu.e cowards improvement of service quality and reliability.
 

Standards, Specifications and Guidelines
 

Currently, the same distribution standards, specifications and
 
guldelines are 
being used b' WAPDA in both urban and rural areas. In
 
view of the need for cost optimization, the standards for rural
 
electrification systems must be revised. Some of the key areas to 
be
 
looked into are the planning and design criteria, equipment and
 
material specifications, and standards and guidelines.
 

5.2.1.1 Poles
 

A detailed design study of different pole options has been
 
carried out under the current project. It has been concluded that the
 
design of existing distribution poles needs to be changed radically
 
to reduce pole costs.
 

Among the exiscing pole options, the 31 ft. prestressed PC pole

offers the best solution and can 
be used for both HT and LT lines to
 
maintain the desired clearances. Considerable cost savings can be
 
achieved by using this solution.
 

Distribution Pole Design
 

The recommended pole spans for different types of poles 
 3asedare 
on tche lesser span either due to the pole strength or sag-tension 
consid~raicons. The spans by pole strength are based on the wind 
pressure, height of pole, windward surface, form factor, vertical JC 
horizontal formation of conductors, the conductor diameter and factor 
of safety. The two Key design parameters in the WAPDA case are ind 
pressure (8 lb./sq. ft.) and factor .)f safety (2.5). Higher wind 
pressure and/or factor of safety will restrict the design, ind the 
pote 6pans will be reduced. An examinacLon of boch it thesd 
parameters can result in a better choice of values 'Wntch .nay Lead r 
.,,sc reductions due :o Longer .span Lengths. 
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Lower parameter values Ln some circumstances can imply the need 
Lor nigher conductors although this may cause damage to some Lines. 
This may e :legilglble in comparison zo the overall cost savIngs.

Factors )t safety less Lnan 
 2.0 are being used LU other countries. A 
closer examination ,ifthese issues should be made. 

The span Lengths by sag-tens Lon caIcula: oU are ,a 5ased on 
factors ,f safetv it the design temperatures, the .4eIgnc ina reakig
srrength f :ne ,conductors, wind pressure, moaulng,1ie nodulus of 
e~istic-i[ 1 -tu"oefflclient of -:<pansl m3iL :ne c/fndctor. et ailed 
review o tnese design Calculations w1ii reveal Lnac the lliowable 
span lengtn L',;niag-tensiotn can be La: lencLd m* tne -noi : )f basic 
parameter s. 

Detatlle a :esiL 1 . UElJnSit - '-it ferent C Les 'werw C4Ju2 

diferenc pr eSre [ 

we re jtud i'. Za -.:eEt1rllle the reconmended span e[g:ns D poae
 
strengtn ind -,g-:enslon This study snows .hdat Zne
 

pies , wood, 3 steel ittL:Ce .1nd ') Ss concrete) 

calculations. 
u:cd ,r l]eac s["ores ,an reduce tn ,oss'nes
 

conside ra bly :
 

Economic 1esl-n of poles 

At present, .'PDA i3 using the following four types of poles:
 

o Steel lattice
 

34.btj ft., 213 kg pole for HT 
31.17 ft., 136 kg pole for LT
 

o Prestressed concrete 

36.00 ft., 1079 kg pole for U1T 
31.17 ft., 696 kg pole for LT
 

Under the W4APDA/USAID Project 
 two types of poles were studied. 

o steeL lattice
 

31.17 ft., 150 kg HT & LT pole
 

i Prestressed concrete
 

31.17 ft. , 700 kg [IT & LT pole 

The light: 
31.17 ft. 150 kg steel Lattice pole was designed,
 
tested and found successful. 

In cne present analysis, ,ight different types of jdditionaL 
poles were icudied. 

5-li 



0 Wooden poles44 

36 
30 

rt., 
ft., 

203 kg 
151 kg 

HT 
LT 

pole 
pole 

0 Prestressed concrete 

A, 

4,, 

9.6 ft., 391 kg HT & LT pole 
29..6 ft., 470 kg HT & LT pole 
b-'-72T1" 31-7 k, HT '-& LT p_--le 

26.2 ft.: 364 kg HT & LT pole 
24.6 ft., 265 kg HT & LT pole 
24.6 ft., 310 kg HT & LT pole 

* 

-

43 

44, 

The si: tight weight prestressed concrete poles included in the 
analysis are currently being used in Endia. These poles weigh less 
than half the current prestressed poles being used by WAPDA. 

44 

The primary objective of <the study was to determine feasible span 
lengths for different conductor types both from sag-cension and pole. 
strengch considerations. Once the spans were calculated, cost 
comparisons were made to evaluate the most economical pole type for 
different conductor types. 

Detailed analyses of all the cases are given in a separate volume 
entitled "Detailed Design Studies of Distribution Pole Options". The 
results of the study are summarized in "Annex TI : Design Studies of 
Pole Options". The major conclusions from this study.are summarized 
here. 

4,i 
: , Spans for three phase HT lines 4-

Recommended spans for existing WAPDA structures vary between 570 
and 722 ft. for steel lattice and between 656 and 754 ft. for 
prestressed concrete structures and conductors ranging- from Dog to 
Mole. The span length currently being used by WAPDA is 440 ft. The 
low cost structures have span lengths ranging from 221 to 551 ft. 
depending upon the structure and conductor type. 

Spans for LT lines 

4- : L' ; 

Recommended spans for steel lattice pole and conductors Gnat -

Wasp vary between 251 and 3-8 ft. and for prestressed concrete pole 
the span is 459 ft. The current span Length speci ied by WAPDA is 220 
ft. The use of horizontal formation increases the pole spans -

considerably. The Low cost sr-ruccures have span Lengths ranging -

between 52 and 295 ft. eor vertical formations. 

44 
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Cst, n7Drisons and Conclusions
 

Cost :omparlsons for Ltems chac vary wih r:he type of pole were
 
made tor all conductor :zpes and t-t wind pressures of 8 lbs. and
 
10.22 1bs. per sq. -L. La ill cases, tfle Low cost prestressed poles 
were least expensive or HT, L1' and composite lines. 

Compari son ,)0t , w Lo;r PoLes wi1t h '3canaari".4APDA P, 1 t25s 

L2 :o s. L - IrI L:LatL) ,tie s uc Lcaiv,'a bCS iasi eucca b tyce
inurocucclon or Low cost poles. Tables . - 5.i summarize cost per

of AT, LieT LI :omposi:e Lines for poLes, electric macerial and 
nardware, wn1cn vt%,ires witch che pole. CosC items sucn as conductors,
 
wnicn -1re common 
to ali poLes, were not knCIided 1L. Cre 1i1alysIs. The
 
following couct-usitons can be drawn regarding tae selection of poles:
 

HT Lines
 

-The 29.3 L . 391 kg, low cost prescressed :ancreue pole .is 
Lhe Least expensive pole option for :single phase HT lines
 
and all types of conductors including Osprey.
 

o In the case of mole conductors and 3-phase HT lines, the
 
29.5 ft., 391 kg, low cost prestressed concreLe poles is
 
the best Option.
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- - - - - - - - - - - - -------- - -

----------------------------------------

TABLE 5 2
 

COST C':MFAR[SIN OF D[FFEREN[ PlLE I:PTIONS FOR THREE PHASE 'NO
-.1[4CLE PHA:.E Hr LINE-. PER ,M CLE AR AN C(E. 5 
'W[NO FR-'E2.SURE' : lbs is f t 

-
 -
 -
 -
 -
 -
 i:i"- -.,-r - - - - -Cl 
- - -

,-F,. 
- - - - - - - - - - - - - - -htf EXCL 

- - -

COMMON cO:TS 
-P'OLE PTION ---------------

IJAF'D q'DA LCF' 

T fr-t- ,+, -, 

'In er RH,-.E n LINE, 

I .1,:, 
 '3.5 ft..
Ie 27, .5: , 30,
4rr ft (2) 
" U , ,.5 6 21and WJeasel 
 [ A3 Rabbit 295 t 2 7,.5S 163SI:3
 
4 ,, 6 2 ft.L 2 [ 4 . I , SO1 ,, 6
 

5 Pant.her, Pelicn 
 24.6 ft. (2) 46,.14 22,

6 ft 2
SP 49,7 23,764 20,709 
INGLE PHASE LT. LINES 

1. Mole 2'9 S ft..1. 27,110 16,055 :,300

",uirre[, Gopher and 
 29 5 ft. () 25,809 15,284 :3,800
Wease l

2 Rabbt. 
 9. f t.. 27,1102) 16,055 9,391 
.. _ 5 ft. (U 
 27, 110 16,055
SPanter, elicane5It..I n 2P6 C:'+r.rer :9. 5 f t. 30, d17 16,055 11,06716,5
1.' 2, 6da: :10,; 7 

C:1:r"LLC -:JLE,L -FN LEN. R
 
U,:P L~O,:, C,'
:,= t. P,:, Ies 

-teel L.ot t. 
- .n --- c - t_

2C9.5 it.. 2. 29o 
,,'

. 
, 
st. F3C. Fr.-, Hei19 t. 29. . ei tt. 3'? f..ole lt 1.t7(29P 1 -et_ 5,. 'ige1shtLL ,.,,t. Pte. HeFi'FS. r-, - e -hht 71 i 'q 
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------------------------------------------------------------

- -

--------------------------------------------------------------------

-------------------------------------------------------------------

TABLE S. -3 

C%:,T ClMPARIOCIN OF DIFFERENT POLE OPTIONS FOR THREE PHA.E AND ,INGLE 

PHASE LT LINES PER kM IN .-RTIC:AL AND HORIZONTAL FORMATION 
CLEARANCE : 1' FT WINO PRESUIRE ' :31bs./sq. ft 

N: c.D IN[F'T [nN C.: !E ,EST CIST PER k'M EXC.L. CI-MM-N CI-is 
RIDnLE--


-
-
-
-
LP TIONS - - - -WAPODA 'POA - -LCP - - -
SL PSC PC: 

A. VERTICAL FORMATION 

a r - Fh se LT Line 

Anta 29 S ft (I) 33,30 17,100 11,.576w3,asp "9.5 ft.. 2) 50,751 18,212 15,062
 
4, C-afer 
 295 ft. (2. 6,457 24,607 17,227 

S I-Phase LT. Line 

1. Gnat 29.5 ft. (1) 38,290 16,560 10,975
Ant. S ft. (1) 38,290 16,.6D 10,97.5-. Wasp 4.'.5 ft.. (1) 38,290 16,560 12,3574. Chafer 
 29. 5 ft. (i 40,779 16,560 12,351 

B. HnRIONTL F-'RMAAAINT 

a. 3-.Fhase LT. Line 

1. Gnat. 29.5 ft.. (2) 38,711 1A,5I30 10,671
2 t. 29 ft.. (2) 39,395 13,957 10,349:A cSP 24.6 f t.. (2. 66,678 24,93 1._,1r
4 C 24 6 ft. (2 39,775 -3,725 13,473
 

b -ha-e LT Line 
1. Gnat. 2- . f t.. ( 1. 2', 3:: 12,34'-' '" 

2 t 29 .S ft.. 2 2 ,021 12, 49 9,933 
-. Ll ft.. (2 39,105 14,4 - lu,50l 

4 .hafer 4.6 ft.. (1 S1,05- 13,8-6 12,479 

1tr-, I I -- l 
:,Lee Lattice

Pre tresse,-C:n:rete 

.L ft. Lw -C - Height. 29.5 ft. 1q .Cst. F F'le '4ei.3ht> 
r~ f,. itf,6 f t.. 1.. . ,) . . ". If t .7 0 1:,24.6 ft. it, .. .. . .. ,24.6 ft. " 265 l*:f t. 24.6 ft 310" k 
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----------------------------------------------------------

TABLE S 4 

Ui'7 CiziNPARISON OF DIFFERENT POLE OPTIONS FOR THREE PHASE
 
COMPISITE LINE PER [v CLEARANCE : IS Ft.
 

WIND PRESSURE 3 lbs.i/s. Ft
 

--------- -.--------------------------------------

N?, OESCRPFTION CHEAPEST COST PER Y.'i COMMON COST'
EXCL 

POLE
 
OPT ION WAPDA 'AFOPA LCP
 

SL PC PSC,
 

A vERTICAL FORMATION 

I Gnat. + Ejui rrel 29 5 ( .) 57,00 ,2,,i ,ft. O34,370 
2 nt ; Sooner 36ft PC .7, 040 -4.370 56 ,9' 
- Wasp *Rabbit 36 ft. (P'SC) 59,208 34,970 56,60, 
d C.hafer x O,, 36 ft "'PS& S31,339 .39, .1 61,652 

8. HFRIZZNTAL FORMATION
 

1. Gnat. + 'Squirrel 29.5 ft.. (2) 45,122 28,120 25,077
 
2. Ant + Gopher 29.5 ft (2) d2,251 26,112 25,56o 
: . Wasp + Rabbit. 26.2 ft. (2) 69,302 34,438 40,420
 
4 Chafer ; Dog, 26.2 ft.. (2) 95,166 7,147 50,707
 

LCP Low Cost Pole
 
SL . teel Lattice 
'SC Prestressed Conc ret.e 
29 5 ft. ) Low Cost PSC Pole. Height 29.0 ft.. Weight .391 kg. 
29 9 ft. 2)' Low Cost F'SC Pole. Height 29.5 ft.. Weight d70 Q. 
:' ft MC: Standard WAPDA PSC: Fole. Height 36 ft.. Wei,t. 1079 [:g. 

5-16
 



o For Enree phase ,IT Lines with conductors ranging from 
Gopher to Rabbit 
the 29.5 ft., -470 kg, low cost prestressed 
pole is trie Least expensive. 

o For three phase HT 
lines with Dog conductor, the 26.2 ft.,
 
36, kg pole is least expensive. For 
Larger conductors

(Panther, Pelican and Osprey) tne 24.o ft., 310 kg pole LS 
tne best. 

LI Lines3, 'ert 
 a , )rrmation
 

For single phase 
LT lines aii conauccors) and tnree phase

LT lines, using Gnat 
and Ant conductors the 
29.5 ft., 391 
kg pole is Least expensive. 

o F,.r three pnaise LT lines, sing Wasp and Gopher conductors, 
tne 9.5 ft., 470 kg pole is the least expen. ve solutLion. 

LT Lines, Horizontal Formation 

0 In the case of three phase LT lines, the 29.5 ft., 470 
kg
 
role offers the best economy in 
the case of Gnat and Ant

condutors. For Wasp and Gopher conductors, the 24.6 ft.,
 
110 kg pole is the least expensive solution.
 

o In the case of single phase 
LT lines, the following poles
 

are least expensive:
 

- Gnat 
 : 29.0 ft., 391 kg
 
- Ant & Wasp 29.0 ft., 470 kg
 
- Chafer 
 : 24.6 ft., 265 kg
 

Composite Lines, 
Vertical Formation
 

0 In the case of 3-phase composite lines, 
the 29.5 ft., 391
 
kg pole is the least expensive solution for Gnat + Squirrel
 
conductors.
 

o For all 
other conductor combinations, the standard WAPDA
 
prestressed concrete 
pole using maximum allowable spans
 
wlii be the least expensive options.
 

Low Cost Distribution Line Construction
 

Drastic reductions in 
cost )f Line construction can be made by

changing the existing pole type 
fir both HT and LT lines, using the

existing structures only 
where their strength provides the longest
 
spans (as in 
the case of composite lines) and 
by introducing single
 
phase liaes.
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A d, raLId cost ana:ss ,it distrlbution Line construction was
 
carrie out ander tne 
 current study for the foliowing three cases: 

o Case I ; tandard .4APDA supports 
o Case 2 Low cost supports 
o Case 3 Existing WAPDA practice 

Under case , tne :naximum allowable span Lengis for the existing
,2DA poiet- .,ece ised car calculation ,Jfconstruction :ost per cm. 
nuer Cas, .e ww c2,.t structures 'ere uised, keeping in view the 

ailiwaaie an ien4gLns, liscussed earlier. ;-ner case 3, e existing 
0WAPDA poies,nua span lengths (-14 ft. for HT ini 220 ft. for LT) were

used. 'he inl.sis5S given in a separate volume entitled "Derailed 

Anaiysis )L ct 4 ) Di Stcibuc ion Construct on". Cost summaries ire
 
gIv-en n eX sinows o oc the
1 n inc n cast const ruCton o f Line 

three poles ma poles 2
casesi and -3 '-4. the wooden L and were excluded 
from this 1aljai's. 

,ost :ompari ;ons ',r HT and L. distribution cost construction 
using existing practice (case 3) and improved practice (case 2) for 
the most economical solution are given in tables 5.5 and 5.6. In tne 
case of LT, only the vertical for-mations (the existing practice) has 
been snown. The costs for HT horizontal formaiu n are sligh ly less 
than those for the vertical formatlon. 

Distribution line construction using 
low cost poles and optimized
 
spans can result in considerable savings (Table 5.7).
 

Two case studies of an average village and tubewell (Annex T5),
 
were carried out to determine the range of cost savings. If the spans
 
of existing poles 
are optimized, the cost of construction can be
 
reduced. However, the savings through conversion to the low cost
 
poles will be mucn greater than with existing poles. The range of
 
cost savings in relation to the existing practice is briefly
 
discussed below.
 

Line tasc Savings due to Low Cost Poles
 

Replac7_..nent of the existing iteel lattice poles Lowby :ost 
presLre6seJ concrete poles can result in savings (Table 5.7) ranging
from ibouL 33 , for 3-phase HT lines to about 57% for i-phase HT 
Li nes. 

if tne c.isming prestcres'ed poles (3o ft., )ce replaced -V :ne 
low cost prestressed ,.oncrete poles, the savings n LOst .f Lines 
will range between abouL. l7l (3 phase HT) and 33.. il-phase LT). 
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TABLE 5 S 

COMFRISON OF COST OF CONSTRUCTION OF 11 kY DISTRIBUTION 
LINES PER knm USING STANDARD AND IMPROVED WAPDA PRACTICE
 

AND STANDARD POLES VS LOW COST MOST SUITABLE POLES 

RUPEES
 
NO 	 DESCRIPTION EXISTING PRACTICE IMPROVED PRACTICE 

SL FSC SL P"C LC F'-PSC 

A 	 Three Fhase 
11 Q Line_
 

I Mole 
2 Smiurrei 
SGopher 

1 W 
•5 RW . 

Dognc"_ 

55,916 
63,68G 
660 2: 
70-,279 
:,157

117, 571 

3- 39 
47,166 
A9 1 

,7 
66,63S

lo , d8 

. 

A5,,127 
51,80 

,16 
S7971 
72,368

111, 03 

32,813 
39,657 
12,393 
46,2,3 
60,05a94 076 

-" 9':1j 
34,000 
36,7&' 
,M1GM,? [ 
.5,31993 079 

7 Panther 151 ,376 1385414 6134,796 133,09 
-

9 
Pelican 
Osprey 

1W4 , 
190,559 

147,91S 
174,036 

175,175 
205,248 

107,757 
175,953 

146,149 
174,038 

B. 	Single Phase 
11 kV Lines 

1 Mole 51,417 34,894 40,789 28,47S 20,644

2 Squirrel v59, 40076 44,474 31,210 26,553 
?. Gpher S8,421 41,899 44,951 ,763.''3 26,999
4 Weasel 60,992 44,469 d,868 371t45 30,219

5 Rabbit 69,577 .5:3, 05 5J3d9 46 635 :3'.9,S3:_ 
6. Dog 	 92,519 75,997 ,3G91 69,577 62,430

7 	 Panther. 115, 056 93 .533 108,6.1 90,397 :4,2K3 
- Pelican 123,764 107,241 116,908 100,821 94,564
9 Osp:rey 141,17,9 124,656 1:-6,881S 118,2:3:6 111,'97*-: 

._;L Standard AFA Steel Lattice poles 
p-" Standard WAPDA Prestres~ed Concrete poles 

..-- PSC Lo-w cost prestressed concrete poles 
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TABLE 5 6 

C 'I-F'ARIS-N 'I'F CtY; [ IF (ONSTRUCTICON CIF () ,Ak'7 DIS[RIOE:LTION 
LINES USING 'rANDARD ONO IMPROVED WAPDA PRACTICE AND'T NARD %'LE' ,ERSUl LCUW COST MOST SUITABLE POLES USING 
'.'ERTI[, l FrF:MA r ION 

-
 -

j;IT EX ISTINGNO DE' K;4 PRACTICE IMPROVED FRACTICE 

-- ~------------------
'L SC 'SL PSC LCpF-RSC 

Pt rf-ree "'--
'4 i' Lines
 

i ; t 51 a14I :3ha .1 ,9"O ,9, S I 67,256 , 3 I I. -6 ?l. 

- t ,'i 1 -'" 6q, 7, 14,. : v 7 

I1(:,..d,3: 4-T Id2, I,'_d : -,r r"a:_F. • ,1(9,6.57-b r',,, llh,A,:'" HI' ,' 7 

4 C.h fer 227 b 4: - 7, 277 .J 

B. in. Fha se 
0 2.3 k) Lines 

1 Gnat. 69,532 37,196 5S,145 :1, 010 2A,769 

2-.Ant. 79,245 6,859 64,308 40,673 34,43 
Ant6. 67,:68 3:52!6 613,:, 4 

d. Chafer 1d7,d73,11.5.07 17.:I -I - 104, 6"" 

:tanda rd iJAFDA Steel LaLtice Pges
 
-- d,,,d ' JAFPI Frest.resse, Cciicreit :.,e-


L ,-- :-. L,- cost rest.re ed c, ncret.e poles
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TABLE 5 7 

COST SAVINGS DUE TO LOW COST POLES 

NO, DESC.RIPTION OST SAVING w.r.t EXISTING FRACTICE % 

MYee L.at.ice Low cost
Prestresse Concrete 'eigrted 

E.istin S-pans E.,stimn 'Spans MAverage 

I --Fhase iT Lines 

a Oc,-her -,r0' 26.
 
b A5,,it 
 -M: 
 31.6
 

,,. 0 , 
 * .*'' 1 -".._:,
 

-. Av .9
r0 16,:: 29.7
 

2. I-Phase HT Lines
 

a. Gop-her 51 30.4b. Rabbit (lzJ 
 4.3 
 23 39.4C.. 
 -D21 
 29.2
 
-
Weighted Average 50 7 
 3.1 
 47.2
 

-,. 3-Phase LT. Lines 

a Gna t. (SZj 55 25 
 49. 0b Ant (65%) 44 
 13 
 38.8
 
Wasp, 9 
 24.3 
Weighted Average 4S.2 
 18.0 
 40.)
 

4. I-Phase LT Lines 

a. Gnat (25 Z 6,1 :. 57 . , Ant. (6-S:X .57 
 27 51. 0 c Wasp '(lZ.J ,1 16 
 37.6 

Weighted Average 57 27.4 51.
 

.5. Averawe Village
 

--Fhase HT Lines ,2"r i:-Fhase LT. Line W0.2Sk ' .:9 16 .;6;,.
I-Phase LT Line j,2rk, 

6 verae TubewelI1
 

.-Pha_. HT Line,
 
Go_,pher :,25 M,
 
R a b i t. 0 2 5 3 13 22- -,
 

S 4 Steel 
 Lattice, 20 Z Prestressed Concrete
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Overall Distribution Cost Savings in Village and Tubewell
 
Electrification due to Low Cost 
Poles
 

If the existing steel lattice structures are completely replaced
 
by low cost poles, the average cost savings can be about 39% for both
 
village and tubewell electrification.
 

If tne existing prestressed concrete poles are replaced by low
 
cost 
poles, the average cost savings can be on the order of 1oZ in
 
the case of village electrificacion ann 22% for tubewell
 
elect ri icat ion.
 

Overall Cost Savings in Distribution Line Construction
 
for the Entire Rural Electrification Programme
 

Introduction of low cost poles can result in about 36% (Table 
5.7) reduction in the cost of distribution lines, which account for
 
about 3' ir Lntn totJl ,-ost of construction. In oter worns, the
 
change -ver to Lie cneaper poles can result in cost savings in t:ie
 
order of bout 
 L2.5," of Che total cost of the rural electrificatLon
 
program.
 

5.2. .2 Conductors 

The existing range of HT and LT conductors can provide optimum
 
solutions if the changes in conductor sizes are weighed against 
 an 
increase or. decrease in energy 
losses as a result of a change in the
 
size of conductor. Changes in conductors are options which should be
 
evaluaced against the installation of voltage regulators. The
 
conductor selection studies should be macie for 
 the economically 
attainable power factor (0.95). 
A case study fur conductor selection
 
was carried ouL under this project. The conductor selection 
opcimization can result in substantial life cycle savings. Details of
 
the case study are given in Annex T2. 

At present, four HT conductors (Gopher, Rabbit, Dog and Panther) 
and three LT conductors (Gnat, Ant, Wasp) have been standardized by 
WAPDA. In the case of HT conductors, Gopher (25m-) and Rabbit 
(50mm-) are used for main T-offs and branch circuits. On main lines,
 
Dog (iiOI~mm )), Rabbit and Gopher are used. The general rule of thumb 
is to use Dog for the first 1/3rd of the line, Rabbit for the next
 
one tnird and Gopher for the remaining line. For main T-offs, Rabbit
 
Is tne normal choice whereas for smaller T-offs, Gopher is selected. 
This approach does nor necessarily provide the most economic 
conductor sizes. 

Choice of conductor sizes is affected by (1) the power factor of 
the loads, (2) extent of voltage regulation, (3) cost of energy
 
losses per kWh and 
(4) the load factor of the feeder. Conductor area
 
wnich meets the constraints 
of quality of service (i.e. permissible 
voltage drop) and offers the lowest present worth of cost over the 
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lfe cycle of conductors is the economic conductor area. This
 
analysis must take into 
account the application of capacitors and
 
voltage rguiators. 
ro evaluate the impact of different conductor
 
sizes on overall feeder costs, detailed studies of a rural feeder
 
having mixed loads were 
carried out under this project. Detailed
 
analysis is presented Ln Annex T2 
and a summary of the results is
 
given in cable 5.8.
 

Analysis if different 
conductor cumbinatLions and applications of 
voltage eguLatLIon snows tnac the solution -which has the lowest 
capltal ost is Lne aust expens ive solucion over tne Life cycle of 
equipment. incorrect conductor selection can result in considerable 
financial losses to cne utility and worsen the quality of supply. The 
solution which -ims at a rcduction of technical Losses through better 
conductors ind voltagte regulators may not be time most economical. To 
select the most economical conductor sizes, the cost of conductors, 
voltage regulators and Losses must be minimized in terms or Life
 
c'icie costs as measured by tre net present wortn.
 

',;iLn reterence Lo ne :onventional selection 3raconductor 
Dog, 1. 3ra Rabbit and i,3rd 'opnier .)n main lines and Rabbi- -)r Gopner 
on all i-otfs), cne most eConomLca solution is a iifferent i:ix of
 
Dog, Rabbit, Gopher, 'easel and Mole conductors. 

The optimized solution for conductor selection appears 
to be (i)
 
to have the largest conductor sizes on 
the main line to limit voltage

drops and losses and 2) to use smaller conductor sizes on T-offs and
 
branch circuits where the demand is 
low and the choice of a smaller
 
conductor does not result Ln any significant increase in voltage
 
drops and technical losses.
 

Aitnough the overall capital investment in the case of tie
 
optimized and conventional solutions appear 
to be the same, tne
 
design approach in 
 the case of the former relies upon cheaper branch 
circuits and more expensive main lines. In the conventional solution,
 
the better conductor is used where it 
makes an insignificant
 
contribution in terms of loss reduction or voltage quality. In the
 
case of extensions on branch circuits, the 
use of smaller conductors,
 
such as Mole (10 mm 2 ) and squirrel (20 mm 2 ) can result in substantial
 
cost savings in electrification of individual 
villages.
 

The question of 
the choice of conductors for three and single
 
phase HT as 
well as LT lines needs to be examined with reference to
 
the type of load (individual load, group of such as
loads tubewells,
 
villages etc.)
 

Detailed engineering studies of individual 
loads, villages,
 
groups of villages, group of cubewells, only tubewell mixed
or 

village and cubewell Loads, low or high population and tubewell
 
densities should be carried out 
to develop guidelines for
 
optimization of costs 
under different conditions. The cost of losse s
 
is an important element in the optimization process. Detailed studies
 
of the methodology of evaluation should 
to be made.
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TABLE S.8
 

ECONOMIC COMPARISON OF DIFFERENT CONDUCTOR SIZES-

FOR A SAMPLE FEEDER* TAKING INTO ACCOUNT VOLTAGE
 

REGULATION AND CAPACITOR APPLICATION
 

NA DESCRIPTION UNIT CONVENTIONAL MINIMUM MINIMUM OPTIMISED
 
SOLUTION ENERGY CAPITAL SOLU ION
 

LOSS INVES-,T-

SOLUTION MENT
 

.	 C:c,nduc t.or Length 
a. 	Dcg,] ,-

L. 	 Rabb I t zS. 44 . . o8208 '
 
c G,,rer 
 46.7 19.6 71.S
 
d. 	' 1-u 0r r e1 
e 	 M,:, Ie 31 

','o[ta.e reuIat. ,n kVA 0 o0 

.- Lcs MWh 36 	 4246 	 153 

4 Capital Invest.ment 

a Voltage regulator 
and line cost. Rs 856,339 963-" 49"0 

b (cst savings Rs. 0 -112,641 -336,505 + ij, 

Cl - 13 1 - 45.1 + 0 

,:f 

losses/year Rs. 45,5.52 f- 4 0

.. ,st enernqy
 
7133 04,43 

Present. ,',-,rth 
-f cost.s
 

1tagea 'v': regulat.o.r Rs . ( i 0 0 	 00 
b. Line 	 Rs. (00) 1,120 1,239 625 1,138 
c. Losses Rs.(OO) 607 479 2,0:32 $61 
,1.T.taI Rs. (000) 1,727 1,768 2,657 1,699 
e. 	C-ost savings(+.I/ Rs. (O000 0 -41 -930 23
 

Loss(-) 
 z 0 -2.4 -533 +1.6
 

I 	 Feeder iength : Main line = 10 S L. T-offs = 4.01 kr,
Power fact.or for calculat.ions = 0.95. Volt.age regulation = 10Z 
Cost cf energy losses = Rs. 2 per kWh 
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Detailed engineering and 
economic analyses of conductor sizes, to
 

determine the optimum cnoice, must be made a 
standard part of project

design. Baseu on detailed sample studies, a set of guidelines should
 
be developed for pceiiminary conductor selection. This preliminary
 
design snould thereafte.- be subjected to rigorous review to choose
 
conductor sizes for a ptriod of perhaps 10 years.
 

Under conditions of resource constraint, it may not be the best 
approach to design conductors for demand in year 20, in particular on 
the brancn i nes where ndividual loads can be dealt w-t on i case 
by case oasLS. :'he -rali~vsuppi' on main Lines should, in anaf the 
case, be -evewed on an annual basis to deter-mine the necessary 
conductor changes. 

A strLteg; snould to be developed to determine whether it is more 
economical t,o .esign the -nain Lines for demand in year 5, 10, 15 or 
20 ana to cansier a change of cotductor at a Later stage. 

-ase ctuiles 
)r aLs ,r ch:eaper conductis far 2lectrification of 
a tpical t.oewell In' ,: Jaup Of villages and t.ubeweiLs -were carried 
out fsee Apuenuix :5). The application of both three phase and single 
phase Lines were 2xamined- As may be seen from t.ne summary of results 
(Table 5.9), consilerabl.e savings (b2% for tubewells and ' 467 for 
group of viiliages and cubeweils) are possible, for the cases 
considered, Dv installatlon of cheaper conductors on three phase HT 
lines. Cheaper conductors in combination with single phase lines 
resuic in considerable savings (60% in both capital and net present 
worth of costs) in the case of tubewelis studied, and about 6%
 
(capital cost only) iin 
 the case of groups of tubewells and villages.
 
In this case, tnere are no sdvings in net present worth of 
costs
 
(capital and (J&M). However, the 
application of a cheaper conductor is
 
fully justifled.
 

Studies of the choice of demand in year 10 
or 20 for design of
 
the distribution lines 
(Table 5.10) indicate that it is more cost
 
effective to construct 
the lines for demand in year 10 and thereafter 
carry out rehabilitation (in terms of conductor replacement or
 
voltage regulation) in year 10 or 15 to improve the quality of supply
 
and reliability and to reduce technical losses.
 

5.2.'.3 Distribution Transformers
 

For ever', area with a certain demand level there is 
an optimum
 
mix of HT 
transformers and LT network. Furthermore, the
 
specifications of the transformers can be 
revised to allow higher or
 
lower copper and iron losses. Case studies of different designs of
 
transformers (see 
Annex T3) were carried out. Substantial savings in
 
capital investment on the order of 15 
to 20% are possible.
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TABLE 5 9 

(: .AV[NG; tHROUGH INTROOUCTICIN-OF CHEAPER CONDUCTORS: 
FOR ELECTRIFICATION OF A TYPICAL TUEBEWELL AND GROUP OF 

VILLAGES AND TUBEWELLS
 

NA OESCR [FTIrN 	 I r(C.D:1-	 rI' '-.AV[I'NG: 
~----------------------


L i s t i n.-j L-w Rs. 
'-t aridards Ccst 
Fractice Conductors 

A. 	 Three F-h, . Lines 

A 	Tutege 1 I [ 

c a p. I t a 1 . 1 2 S 0 6 26 . 

b 	 Net riesent 
C,,t:f 	 lo se
 

c.. ccs, 44, 177 16,704 27,L17: 62.2
 
.2.G2,:ur ,:, Y,/I iages
 

and Tubewe II 

ai 	CaPta. 6.A, 36 144,147 122,2('0 . 

L . Net ,restnt 10),373 2:35,156 115,:317 2.'?
 
wcr th -..
Isses 
& ca I t l cCst' 

i.:,iIe FI-Te Lines
 

u bitewe I 

, Net present A. 177 17 ,742 26,-, .3 
',:r 	th - :I losses 

capital cost
 

2. Group :f Vi lages
 
a nd lubewel is 

a. 	 Capit.aI51,024.66,356 	 16,3320 

b 	 Net present. (11,973 42.5, 972 -2,,. -6
 
worth ,:f [,Csse5
 
, capi Jai ;:st 

----------------.. 

Lncude ,:,st ,,f HI lines, and voltage regulator Line length fcr 
utu i;, .r,:,up ,,. tubewells and villages is 0 q I r and .4 li1ewe11 

respec t.Li
e I 
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TABLE S 10 

COST COMPARISON OF CAP[TAL INVESTMENT LOSS, AND Ixum
VOLTAGE DROPS ON THE BAIS IF DEMAND IN YEAR 5, 10, 15N OEA.IS OF QESGN A,-DEMANDED IN YEAR lu DISTRICT ARA, TEH 

.' R" I TFAT~rN ,.-_h ID I 

,'Ir,-"
., (FITAL NET FWOE,ENT LiORTH FRs Ax... 
1N E ' E NT - - - -"' --001). 

J,,
- - - - - - -- V L T"6E 
KS (OUC J C.ap 1t.lal L,-sses Ti,: t.a OR:' :
 

.. 

de,'a di I ( 

7-,ear a ,2: : 12,3:.$,4i-' '
 
-,i ar 
 12,394 l(, L,[I, ]II .
 

,"-54 2',71 
 1,2,- 13.
 

,?ierh~n, it,iFr 
10 


bd iear,tea' Ii9 133,U(5 17,296 2,35U 
. 

", I7,29E 17('-7,:9- 2
cYear IEU " 17,296 5,070 22.,J66 3.
,i Year [5 " 17,296 ,761 2,057
 

e Year k'i 17,296 ,o, IS2
 

-.C,:n,:uc t,:,F ,::anqe,,,:1r 20 ,-1,220 - , 463 -7,2. '. 

11.5 - .... t-'-2, +l:"g 5(_0 / 2, - . (139'/ ,.... .~~ 
 I r4)II
= - -

.. 

[56326 -746 
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An analysis of different aspects dE distribution transformer
 
design is given Annex T3. In transformer design, the first aspect Is
 
the size, which makes 
 It possible to utilize the installed capacity
in the system in an effective-manner. An examp-le is the Installation

of a 25 kVA cransformer for a load where the actual requirement is 15kVA and where .no other load is available co improve the ucilization r 
of che installed capacity. The second Important aspect are the 
cransformer losses. Hi gher losses result in lower capital cost but
 
higher energy, losses. The optimum loss level is 
one where the savings

in capital cost are equal (in present worth form) to the cost of
 

distribution transfor-mers needs to be reviewed in the context 
of
 
rural loads'.
 

Considerable transformer capacity is being wasted in che WAPDA's
 
rural system due to the non-availability of smaller sizes of
 
distribution transformers (5, 10, 15, 
20 kVA) which can help in
 
matching the installed capacity with demand. For example, the
 
availability of 5, 10, 
15 and 20 kVA transformers could make it
 
possible to 
connect 5, 10, 15 and 20 HP motors directly through HT
 
lines. This arrangement would 
result in savings in cransformer
 
installed capacity as well as 
savings in energy losses. Due to the
 
elimination of long spans of LT lines, 
che quality of supply co the
 
tubewells would also be 
improved. Detailed engineering studies and
 
surveys are recommended co study the question of matching of'
 
transformer capacity with demand.
 

Compared to the standard 25 kVA transformers (see cable 5.11),
 
the small 5-10 kVA single phase transformers will result in-capical
 
cost savings on 
the order of 22%-27%, where two motors are connected
 
co one 
25 kVA transformer. The three phase 5-20 kVA cransformers will
 
result in savings in capital cost ranging from 7% to about 45%.
 
Single phase transformers of sizes 15-50 kVA will.have capital cost
 
reductions ranging becween 21% and 51%.
 

The low cosc-high loss three phase transformers of sizes 15-100
 
kVA can bring about savings in the range of 5- 23%, the highest

savings being in the case of 25 kVA cransformers. Savings in sizes
 
200 - 630 kVA are small 12-7%). The lower capital cost and higher

losses were evaluated at'a'15% discount race 
and 2 rupees per kwh as
 
cost of energy losses. Alternative transformer designs were studied
 
(Annex T3); three sizes 
(15, 25 and 50 kVA) *are shown in Table 5.12.
 
Evaluation of present worth of capical and losses shows that the ni-h
 
loss transformers will be more expensive.
 

ST The economic impact of 
the smaller single phase transformers was

scudied for sample areas 
in Punjab (Okara) and Baluchistan (Kalac). 
 , -

The standard three phase cransformers were compared with transformers
 
of sizes 5 to 25 kVA. och capital cost and losses were evaluated.
 
Results of this analysls are summarized in Table 5.13. in boch the
 
areas single phase cransformers resuiced in subscantiai (36%-38%)
savings in capical cost. Savings in nec present worth of both capLcal
 

and losses are about 15% and 26% respectively.
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TABLE 5.11
 

CUOT COMPARISON IF STANDARO WAFDA LOW COST, 
SINGLE PHASE AND THREE PHASE TRANSFORMERS 

NO TD/ N' 'Ir' . 

NO ._TRANSFMER CAFITAL C.STI/kVA. Rs, SAVINGS IN CAPITAL 
S [ZECOST 4
 

Standard Low st Low Cost Low Cost Low Cost 
.3-phase 3-pft, 1-phase f-'hase 1-phase 

797 +-'9 

" G6S10 535 +7 3 - +.2. 

- -- _.3 454 +34. +3'-3 

.6A 419 +22.7 + 1 

6 407 51 319 + +21.6 
7.1C0 " 299 25  +A.7 

215 211 +1.9 
OC 179 + ,; 174 

InI30 " (65 154 +6.7 

1 Equivalent; share in 25. kYA keeping in view the 
owate~f capacit y
 

5 kVA = (25 : 1( .. 
10 " = (25 X / 2.'::1O. = 7+50 
1 = (25 >(10 / 15) 1000
20 ",, ( 25 ]00 ( / 20( ) = 70. 

In ,:re cases, the capacity ut.ilisat.ion mlay be better than 
'ssuf, here. ~-
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TABLE S 12
 

ECONOMIC COMPARISON OF DIFFERENT LEVELS OF COPPER AND
 
IRON LOSSES IN THREE PHASE DISTRIBUTION TRANSFORMERS
 

NO. 	DESCRIFTION I.UNIT Is LVA 25 kVA s kVA 

Low Higr Low High Low High 
Loss Loss Loss Loss 
 Loss Los
 

1. 	Losses
 

a. 	 Copper W 461 56 640 366 1,170 , 163 
b. 	Iron W 122 102 123 132 175 243
 

2 	 Energy Loss
 

a. Copper(25Z) kWh 1,010 1,244 1,402 1,397 2,563 2,50:3
b. Iron kWh 1,069 3 1,078 1,157 1,534 2,130
Total kWh 2,079 2,137 2,480 3,054 4,097 4,673 

3. 	Cost of Losses 

a Copper Rs. 2,019 2,488 2,804 3,794 5,126 5,096
b. 	 Iron Rs. 2,137 1,737 2,156 2,314 3,068 4,260

Total Rs. 4,156 4,275 4,960 6,108 8,194 9,356 

4. 	 Capital cost Rs. 9,337 0,573 15,001 11,599 20,362 17,564 

S. 	Savings in
 
capital 
 Z 	 0 +5.0 0 +22.7 0 +13.7 

6. 	Present Worth
 

a. Capital
 
(incl. O&) Rs. 12,418 11,301 19,01 15,427 27,081 23,360

b- Losses Rs. 27,707 23,500 30,067 40,720 54,627 62,373
Total Rs. 40,125 40,301 53,018 56,147 31,708 85,733 

7. 	Savings in
 
net present % 
 0 -0.41 0 -5.9% 0-4.%
 
worth of costs
 

* Load factor 
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Overall chis analysis indicates that the existing sizes as well
 
as specifications of transformers should be 
reviewed in detail 
to

establish whether 
tne existing stringent specifications of losses 
are

economically justifiable. 
 it indicates that prototypes of smaller
 
three phase and 
single phase transformers for both 33 
kV and i1 KV

single phase (phase to phase and phase to 
neutral) and -LT-syscem

(0.415 and 0.230 kV) should be developed and tested. Booster

transformers should be developed to meet tie requirements of voitage 
regulation in rural areas.
 

The economic LImpact of smaller single phasc 
 transformer (u) to 25kVA) was studied for sample 
areas 
in Punjab (Okara) and Baluchistan
 
(Kalac). The detailed analysis is given in Annex T5, the results are 
summarized 
in Table 5.13. Use of single phase transformers in these
 
two areas 
can result in capital cost savings on the order of %
 
and % respectLiveiy.
 

5.2.1.4 
 Otner Material and Equipment
 

Single Phase Motors
 

Single phase motors up 
to 2 HP are now manufactured 
in Pakistan.
 
In the past, the need did 
not arise beyond this rating. Skill exists

in 
the country and the manufacturers can produce single phase motors
 
up 
to 10- 15 HP. A test has been conducted on the conversion of 2
phase supply to 3-phase for three phase motors. The phases can be
 
split with the 
help of capacitors or reactors and the motors can be
 
started with this arrangement.
 

Other Equipment
 

A detailed review of specifications of 
other equipment for rural
 
electrification should be 
made to determine cost 
saving solutions.
 
Procedures which must 
be developed include:
 

o Equipment evaluation criteria
 
o Standardization of equipment
 
o 
 Ooeration and maintenance considerations
 

5.2.2 Networks
 

Planning and Design Criteria
 

At present, there is 
no universally accepted definition of

planning and design criteria for rural electrification. The planning
criteria for power distribution as 
developed under the WAPDA/USAID

Power Distribution Program are 
applicable primarily for urban areas.

A number of key issues need definition and detailed examination for
 
Pakistan's rural electrification program:
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TABLE 5.13
 

COST COMPARISON OF CHOICE OF EQUIPMENT IN SPLE AREAS
 
IN PUNJAB (DISTRICT OK A. TEHSIL OKARA) AND
 

BALUCHISTAN (DISTRICT KALAT, TEiSIL KALAT) 

NO. DESCRIPTION 
 COST Rs. (000) COST SAVINGS
 

Standard Improved Rs.(000)
 
Practice Practice
 

A. PUNJAB. OKARA 
1. Capital Cost 

Transformers upto 25 kVA
 
(conversion t,-, 29,205 18,701
I-phase) +10,504 
 +3G.0
 

2. Energy losses 19,306 16,444 +2,262 +14.8
 

3. Net Present Worth
 

a. Losses 128,707 109,627
 
b. Capital 38,843 24,372 

Total 167,550 134,499 +30,051 +19.7 

B. BALUCHISTAN. KALAT
 

1. Capital Cost 

Transformers upto 25 kVA
 
(conversion to 1-phase) 36, II5 22,110 +14,025 +38.8
 

. Energy Losses. Mwh 23,386 20,176 1/ +3,707 +15.5
 

3. Net Present Worth
 

a. Losses 159,240 134,507
 
b. Capital 43,059 29,406 

Total 207,299 163,913 +53,386 +25.7 

1/ Losses have been reduced due to better utilization of capacity
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o Demand levels
 
o Economic voltage levels
 
o Economic loss evaluation
 
o Equipment replacemenc policieb
 
o 
 Life cycle of equipmenc and planlng time horizons
 

Equipment and Material Specilications
 

Changes in standards and specifications for transformers,
 
structures, conductors, capacitors, voltage regulators etc. 

result in 

can
 
cost oPIMlIzation without compromising the quality Of
 

supply and reliability.
 

Standards, Specificati)ns and Cost Optimization
 

To illustrate the potential for cost 
optimization in WAPDA's
rural electrIficatLon system, a number of case 
studies were carried
 
out under this project. The results of these studies are summarized 
in Appendix L'5 La ib).
(cases ind 
 The following areas of cost
 
optlmiatL.on have 
seen examined:
 

5.2.2.1 
 Transmission and Sub-transmission
 

The key issues in 
transmission and sub-transmission for rural
 
electrification are
 

o Is b6 or 
132 kV the most suitable transmission voltage?
 

o Is 22 kV or 32 kV the most suitable distribution voltage for
 
use in areas where ii kV is 
noc available?
 

5.2.2.2 Grid Stations
 

Currently, WAPDA uses 
66/11 and 132/11 kV grid stations with 5

MVA, 10/13 MVA and 
20/Z6 MVA capacities. Generally these stations 
are
single bay stations with 4-8 outgoing 11 kV feeders. The design of

these substations has 
been standardized and is 
based on manned

operation. In some 
special cases, unmanned substations have also been
 
constructed.
 

The average cost of installed capacity for 132/Il kV grid

stations is on 
the order of 1050 Rupees per kVA. In ocher Asian

countries, the cost varies 
between 370 and 970 rupees 
per kVA (Ref.
25). The design and configuration of WAPDA's standard 66/1i 
 kV,

132/11 kV and 
132/33 kV grid stations should be examined in detail
determine where cost 

to
 
savings 
can be made. Some preliminary proposals
 

are as follows:
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o 	 Examine the design and cost of power transformers for 
different sizes. 

o 	 Evaluate the impact of voltage ratios such as 132/33 vs.
 
132/il.
 

o 	 Develop unmanned stations of different sizes using
 
auto-reclosers instead of breakers.
 

o 	 Examine prefabrication of the substations.
 
o 	 Analyze construction labor costs.
 

5.2.2.3 Primar' Distribution Voltage
 

WAPDA's current distribution system is predominantly an i1 kV
 
system, although 33 kV has been used in some areas. The question of 
selecting a higher primary voltage such as 33 kV has been raised by
 
different agencies on different occasions and a recent study under
 
the 	WAPDA/USAID Power Distribution Program indicated that 33 kV may
 
be marginally cheaper in some areas. However the use of this voltage 
has 	 not been examined in detail in any of the distribution pianning 
studies conducted so far and the cost implications for the WAPDA
 
system nave not been examined in their proper perspective. For tnis 
reason some of the basic issues relating to 33 kV have been ciaritied 
here.
 

The previous case studies of choice of primary voltage either did 
not include the cost of transmission and grid stations in the cost 
comparisons, or else the cost savings were not included. The 33 kV 
system can provide electricity for the same quality of service but at
 
1/6th to 1/9th the energy losses of the 1I kV system, to an area at
 
least 4-6 Limes the area served by the 1i kV system. Four to six 
132/l kV grid stations can be replaced by one 132/33 kV grid 
station, which reduces the cost of grid stations and transmission
 
lines.
 

Compared to the 11 kV system, the cost of technical losses in the 
33 kV system is dramatically reduced, thus resulting in substantial 
cost savings. The true cost of the these losses and the avoided grid 
station, transmission, and generation capacity costs have also be 
examined in the case of a higher distribution voltage. The rate at 
which the energy losses are evaluated will also affect the cost 
calculations. 

Another important aspect in the design of network configurations
 
for 33 kV is the selection of distribution conductors. As the voltage
 
increases, small conductors can be used. The 33 kV system generaily
 
would use cheaper conductors than an 11 kV system and yet have lesser
 
losses because of the high voltage.
 

Case studies on the above Lines have been carried out for sample 
areas. The analysis shows that 33 kV is an important supply option 
and 	must be included in distribution expansion planning and
 
rehabilitratLon in both new and existing areas. In particular, new
 
areas, which would normally be served by 3-4 conventional 132/Il or
 
66/Il kV grid stations, are good prospects for 33 kV distribution.
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TABLE 5.14
 
COST COMPARISON OF 33 kV AND 11 
kV DISTRIBUVTION SYSTEM 

IN TWO SAMPLE AREAS IN PUNJAB (DISTRICT OKARA, TEHSIL OKARA)
AND BALUCHISTAN (DISTRICT KALAT, TEHSIL KALAT) 

NO DESC:R IFT ION COST Rs (O000 COST V INGS 

11 L 3.: kV Rs.(00) . 

AP,F N,.,E KARA
 

1. capital Cost.
 

a Oistributin lines 
 79,015 72,91S + G,100) + 7.7b Transformer subst.at.i:,ns 
 66,961 101,520 -34,559 -5.6
 
c Capac itrs ,037
-,364 
 - 673 -20.0
d. Vcltage re,;ulator 455 3,118 - 2,663 -85.0 

"eISsta 60,000 ,4:3,0) +12, Y +200tions 

f Transmissin 
 94,500 
 21,525 +72,975 +77.2
 
Total 
 3-0,29
-"-"li +-S~-'IS0'- +17.5
 

2 Ene _y losses 
 6,323 1,14: 
 +- ,1i -31.9
 

. Net. Present Worth
 

a L:sses 
 42,19:3 7,653 +:34,540 +;1 .9
b. Capital, O&M 
 404,712 333,9-33 +70,729 +17.5
 

Tt l 
 d,46,905 N1 ,R F105,269 23.6 

S 3 I-,CHI STAIN K'ALAT 

1 capital Cost. 

3 iSat.,iltj,,n lines 3o,:-' "-':.56 + 5,57d + 8.1 , Transf,rr,,er substations 39,767 59,81 -2ild -50.6
Capacitors 1,064 1,276 
 - 212

d. Voltage regulator 1,207 
 1,OudS - 212 -19.9
 . :Substati:ns 
 :30,000 24, 000 G,000+ +13.Af. Transr,,issi,:,n 
 30,000 24, 05 6,005+ +20.0 

Total 
 177,,. 167,3:3 + 9,785 + 5.5
 

2 Energy losses
 

S. Net. Prese t. t.h 

a. LosEes 
 23,69:3 2,227 +21,3E66. +90.6
 
b Capital 235,700 222,626 1-.3,014 + S.. 

Tt.a I 
 259,39:3 224,913 +34,480 +13.3
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Even conversion of existing 1i kV distribution-systems 33 kV sub

stations and i kV distribution in existing areas, and 33 kV
 
extensions in new areas, should be examined. The high costs of
 
additional generation and transmission faciliies, energy generation
 
and Losses make the examination of 33 kV an interesting option.
 

Prelilminar- analysis see Annex T6) shows thac 13 kV distribution 
could result on cost SavI.ngs in the order of 17-24'. This analysis 
excludes the savings in avoided generation and transmission 
zaciltLes lue :o mne reduction In Lecnilnical losses. Cost Comparisons
 
for 33 kV andii iiV for ;ample areas in Punjab (Okara) and 
BalucnistnM S 7a:at)'atnr ioe are overall savings in both 
capital inc net present ro ipica itnd energy losses. 

.1. . P e -Dci :.
 

Present i-, 4APDA', rl.iraa ,s -u on system is based on 3-phase 
HT (33 kV and I <.kV)in(, .I -i V) and singLe pnase LT (230 i) 
lines. ':I Acer -:" glc pnase pcimar I isCributo[1 1I'nnv couUt Ele, 

"-'ideIv' i.ec '1 rit', e uow and
ireas 'nere demaind is 1"lictalI. tne 
economics ,o Ail:1gi, 'Mdse i2 iitracml';e. 3,otl phase to phase and 
pnase to ectral sysctms jre be Ln ised. The economics ofrboth 
3-phase inc - mg, piase vsceins are governed by the Lead density and 
distances. 

in the case ot smaiL loads And shorter distances, the value of 
ene rgy losses In a sing e pase system is offset by the additional 

3
capitai investment in a -pnase system. Consequently, I-phase, 2-wire 
distribution ny be compel yVe Ln cer-tain low load density areas. As 
tne demand increases, additional capictal investments (e.g. larger 
conductor size) and losses are required to meet ihe additional 
demand. At thar time, a conversion to a three phase system may be 
economic. Thus the quesmion of botn selection of a single phase 
supply system and its conversion rn'ee phase requires detailed
 
examinaton.
 

A comparison of (1) three phase, (2) single phase, phase 
to
 
phase, and (3) single phase, phase to neutral, systems shows the
 
following relationships if the three pnase system is used as 
a
 
reference.
 

3-phase I-phase I-phase
 

Reference Phase-Phase Phase-Neutral
 

Current per phase 1 1.732 3.0
 
Voltage drop 1 3.464 6.0
 
Losses 1 2.000 6.0
 

The above comparison shows that, for example, the current in a
 
single phase, phase to phase system is 1.732 the current in a three
 
phase system. The high losses in tLhe single phase system require a
 
conductor size at least 2 to 3 times the conductor size in the three 
phase system. 
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Al[though the initial cost of the conductor may be high, single
 
phase transformers will be cheaper than three phase transformers- If 
the single phase applications are restricted to small loads and
 
shorter distances where the energy losses are negligible, the overall
 
capital investment through single phase applications can be
 
minimized. If resource constraints are a major consideration, the 
adoption of single phase applications, under the conditions mentioved 
above, will be a distinct advantage. Both three phase and single 
!.nase syssems can, tcnerefore, coexist to the advantage of the utility. 

In rae infted States of America, Europe, Australia and other
 
countries, single phase systems are being used exteasively. In
 
Australia and Canada, earln 
is used as a return conductor in a phase 
to neutral system. In Great Brictan, ireland, Thailand and indonesia, 
phase to phase systems are being used. In Thailand, Bangladesh,

Indonesia Ind Phi Lippines 
, Piase to neutral systems are in opeaction. 

Compared to tne phase to neutral system, where Lhe cost of 
grounding nay be ilign ,n certain areas, the phase to phase soiutlon 
has the distinct advantage of economy and ease of conversion into a
 
standard three pnase system either by the introduction of phase
 
converters or the instailacion ,of a third conductor. The cost of
 
transformers for pnase to phase systems may be slightly higher than 
in the case of phase to neutral systems due to the higher insulation 
level, but the overall advantages of the phase to phase systems, over 
phase to neutral systems, are overwhelming.
 

Profitabilicy of 
single phase systems in other countries is
 
demonstrated by the extenc of the exis.ting single phase lines and
 
transformers in the 
systems. In Ireland, where rural electrification
 
was started in 1946, the target was to extend electricity service to
 
about 400,000 rural houses, of wnich only 3% were in villages or 
clusters of more than 20 houses and the remaining 97% were isolated 
dwellings. Average housing density per sq. km of farm area was 7. The 
estimated energy consumption per house was 800 - 1000 kWh per y,:ar. 

The Lrisn solution consisted of running a 3-phase steel-cored 
aluminum SCA conductor of area 50 mm2 bezween 38 
kV/l0 kV stations, 
operated normally with mid poinc open and sectionalized evesy 5 km. 
This three phase system was the backbone distribution system. For 
T-offs, galvanized steel G.S. wire conductors of sizes 16 mml and 25 

2mm SCA were used. The branches varied from a few hundred W_'rers with 
one or two transformers to 20 km having 30-40 transformers with 
maximum load not exceeding 300 - 400 kVA. The single phase 
trLa.sformers (10/0.22 kV) were of sizes 3, 5, 15 anu 33 kVA with 4% 
impedance, connected to the backbone through fuses and to the branch 
lines without fuse!.:. The low voltage distribution system consisted of 
single phase lines with steel- cored aluminum conductors of sizes 25 
mm- and 50 mm2 . For villages the standard transformer size was 33
 
kVA, and the low voltage distribution system was 3 wire 440/220 V.
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The extent of the single phase distribution system in Ireland can
 

be seen from the following data:
 

Hain 3-phase, 10 kV lines 15,000 km 
Single phase branch lines 45,000 km
 
Single phase transformers : 100,000 (No.)
 
Low voltage lines . 45,000 km 
No. of consumers 400,000
 

Average annual energy
 
usage per customer : 2,800 kWh 

In Ireland, sii'gle phase has been satisfactory for all needs. 
Wherever the need for additional farm power was felt, it was 
concluded that either the seasonal demands could be met by tractor 
power or with single phase/three phase converters. However, over the 
years the need has been felt to replace the 2xl6 mm, galvanized steel 
conductors, install internal fuses on transformers, refine drop out 
fuses, increase tne rransfor-mer sizes, install voltage regulators to
 
maintain voltage drop on Lines (5i. on backbone and L.5,' on brancii
 
lines), install capacitors, and Loop the single phase networks.
 

Previous studies of single phase applications in the WAPDA system 
have been restricted by lack of performance data of electric material
 
and equipment for single phase systems as well as the price
 
information. Single phase distribution lines, due to fewer
 
conductors, can have longer pole spans and lighter poles.
 
Furthermore, in the case of loads where single phase can be 
economical, the use of WAPDA standard ACSR conductors of sizes above 
25 mm2 does not provide a favorable comparison. 

if single phase applications are considered for an entire feeder 
or a grid station area without any discrimination of either load or 
distance, the three phase system, in its cotailcy, will always be 
lowered because the cost of energy losses are very high. However. if 
the branch circuits to connect small settlements or individual loads 
(such as tubeweiis) are considered, single phase applications can be 
economical even in the W4APDA system. A case study of an average 
cubeweil (see Annex T5) shows that the single phase solution can
 
result in about 60% cost savings in terms of capital investment as
 
well as cecnnical losses. A case study of three branch circuits
 
carrying about 800 kW of village and tubewell demand shows that tne
 
savings in capital investment using single phase is about 13% over
 
the three phase solution. Correct choice of the single phase solution
 
will depend upon detailed engineering analysis and rigorous economic
 
analysis of the costs and benefits.
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It is recommended that detailed studies of 
electric supply
 
alternatives for individual loads, small settlements, single villages
 
on branch circuits, ind clusters of villages/settlements/tubewelis
 
should be carried out to determine the correct mix of three phase

backbone systems and 
single phase branch circuits. These studies
 
should 
be based on maps, accurate demand forecasts, and rigorous
 
technicai, financial ana 
economic: analysisi. Single phiase applications 
can mean su;bstantai savings in WAPDA's rural electrific,ion program. 

Detailed studies of local manufacturing of single phase
 
transformers and motors 
 also need to be carried out. Local
 
manufacture of simple voltage regulators and phase converters 
 can
 
contribute to cheaper single 
 pt.ase systems. Prototypes of this type
of equipment should be developed locally and 
tested under standard
 
operating conditions. Sections of 
single phase lines using different
 
and cneaper conductors need to be c<)nstructed Lnd :zetered Lo evaluate 
the performl;nce of tne system. 

Considerabie additional detailed engineering analysis ane studies 
need to be carried out evaluate and understand the problems in 
single phase appicatlons and to evolve acceptable economic 
solutions. Detailed studies of single phase applications should be a
 
part of every distribution expansion project. However, before this
 
stage is reached a great deal of work is required to develop planning
 
criteria, evaluation methodology, equipment specifications and
 
systems application guidelines.
 

The application of a single phase system on 
a sample grid etation
 
area of Okara in Punjab was studied in detail. The cost comparison
 
(Table 5.15) shows that in the 
case of individual tubewells, the
 
capital cost savings are about 
18% and the savings in net present

worth are about 17%. In the case of branch circuits as well as the
 
main lines, the single phase application can result in a 2% savings
 
in capital costs and will be equally costly in terms of 
net present
 
worth of costs.
 

3.2.2.5 Low Voltage Distribution
 

The existing arrangement of service cables can also be 
changed to
 
a system of multi-service main which can 
result in substantial
 
savings.
 

Drastic cost reductions (Table 5.16) are possible through
 
replacement of the bare conductors and structures by insulated
 
twisted cables along the walls. If 
LT lines with structures are to be
 
used, the existing method of individual service cables should be
 
replaced by service mains and multi-service LT cables.
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TABLE 5. IS
 

COST COMPARISON OF THREE PHASE US SINGLE PHASE HT.
 
APPLICATION IN A SAMPLE GRID STATION AREA IN PUNJAB
 
DISTRICT OKARA. TEHSIL OKARA. GRID STATION 6K-9
 

NC OE$C F'SFTI N 	 COST Rs (000i) COST OIFFERENCE(1 .- (2.) 

3-phase 3-phase+iphase Rs 
It kV 11 kV (000) 
(I) (2) 

A INDIVIDUAL TUE:EWELLS4. 

ap,ita 1 Cst. 

b 	 1-p'hase .53,:3,1 

T,t-a I 	 ,._,3:.3. ,11,62:3 +17.'n 

Energy losses 	 54 121 - 67 -124.1
 

*) Net F'eser, t. Worth 

a 	C-apI tal , 12_ 71,661
 
b 	 Eneriy losses 363 310 

Tota. 	 37,491 72,471 +1.,020 +17.2
 

) 	 GRID 'TATIrN AREA
 
EXCLUDING INDIVIDUAL
 
TIW:CE'ELLS UNDER A ABOVE
 

& 	 3}-phase 9,23'3 :':,01:-

L. I -phase 0 1,451 

T,- ta 1 9,2,'39 9,476 +1E7 + 2.0 

2. Energy losses 1,+21 1 ,-.+
 

•". Net. Present W:,rt.h
 

a 	 capital 12,314 12,603
Li Losses 10,133 3,321
 

,,tal 22,4 
3 2,9...'24 - 31 -	 0.1 

f 	Group of 3 tubewells connected to the distribution line throuqh
 
extension t.o the tubewel1 load centre.
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TABLE 5.16
 

COST SAVINGS THROUGH INTRODUCTION OF INSULATED CONDUCTORS 
AND SERVICE MAINS IN LT. DISTRIBUTION IN A TYPICAL VILLAGE
 

NO. DESCRIPTION COST Rs COST ,AVIUG: 

E.Is t In. L, c st 
Prac ti c FPrac t.ice 

A. 	I nSUlI tted 
,,ndu c t,.:, r s 

._--chase L lines 2'9 ; 26,17.' 	 2 12.2 

-Phase L7 i1nes 69521 5345.7 

'ervicecnnec
ticns
 
single phase end 
three p'EIeI , 700 260,500 S, 200 1.4 

Tota 	 411,116 33 o,018 72,09 n 17.5 

rvi ce
np.Lq Nain=s
 

I I( s ing e
F_.nase 

cC'nnecti1:ns
 

c a I -S 

c4'-,n 	 'ectc,.c- and 
cnn._c tcr - anild
 
service !,,ast.s 2,1,C0 736 
 1,444 66.2
 

t, 2,126 1,704 44.5 
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A case study of a typical village shows that about 17.5 %savings 
are possible through the introduction of -insulated cables. This type
of cable was used under the Asian Development Bank Rural 

.Electrification Project. Although initially the material may have to
 
be imported, local fabrication of twisted insulated cable and 
hardware is possible. Conversion of existing individual service 
cables to multiple service mains can result in about 44% cost savings. 

5.2.2.6 Choice Between HT and LT Distribution
 

At present, a large number of irrigation tubewells and rural 
industry have been electrified through LT lines. Hore than one 
cubewell or industry shares the common distribution transformer and 
LT line. This practice results in poor utilization of transformer and 
line capacity, as well as high losses due to the low voltage. It also
 
is a cause of poor quality of supply to the customers. 

In Pakistan, the LT (0.4 kV) lines constitute about 50% of the HT 
lines (11 kV, 33 kV) and transformer sizes ranging between 25 - 200 
kVA are commonly used in rural distribution systems. In the case of 
larger transformer sizes, the length of LT lines is out of 
proportion. LT lines are also used extensively to provide electricity

to rural small industry and tubewells. This solution often results in
 
overloading of transformers and increases in technical losses due 
to
 
a high percentage of LT distribution lines in the system. The
 
suitability of using LT lines in different areas is a question which
 
deserves rigorous analysis bcth in economic and technical terms.
 

An alternative to existing LT distribution in the WAPDA system is
 
the utilization of smaller single phase or three phase transformers
 
in combination with single phase or 
three phase HT lines. Raising the
 
distribution voltage from 0.415 kV to 
11 kV (26.5 times) will reduce
 
the technical losses to about one scven hundredth of the existing

losses. Introduction of more HT lines will also improve quality of
 
supply and reliability. The capital cost in the distribution system 
will, however, increase.
 

Illustrative case studies (Table 5.17) of chree/single phase HT
 
versus three/single phase LT indicate that in all cases, the HT
 
solution is more cost effective both in terms of capital investment 
and net present worth of costs. If the evaluation includes the cost 
of losses and avoided capacity costs, the HT solution is bound to be 
more attractive in a large number of cases. 

5-42
 



- - - - - - - - - - - - - --------------------------------------------

--------------------- ---------------------

----------------------------------------------------

---------------------------------------------------------

4 

TABLE S.17
 

COST SAVINGS THROUGH CONVERSION OF EXISTING THREE

PHASE LT. LINES INTO THREE PHASE OR SINGLE PHASE
 

HT AND SMALLER TRANSFORMERS
 

NO 	 DESCRIPFION 
 COST Rs. 


Existing~ 
 HT.

?-phase LT,
 

A. 	Three Phase LT. 4: converted 
to three phase HT. 

1. 5 HP Tubewel1 

a. Capital 20,762 16,535 
b. Net present worth 

(of capital & 
losses) 28,126 21,994 

2. i0 HF' 

a. capital 20,762 1, S 
b. Net present worth 29,673 24,193 

3. 15 HP 

. 
b 

Capital 
Net present worth 

2,262 
42,235 

19,775 
26.316 

B. 3-F'hase LT..J converted
 
to single phase HT.
 

1. S HP Tubegell
 

a. Capital 	 20,762 11 18,1
b. Net present worth 28,126 
 19,742 


(of capital & losses)
 

2. 	10 HP
 

a. capital 	 20,762 
 18,171 

b. Net present worth 29,673 
 24,131 


*3. 	IS HP 

a. Ca,:it.al 	 2L,262 
 21,586 

b. Net present wonth 42,235 28,740 


SAVINGS
 

Rs. 


+1,227 02 

+6,132 +21 

+2,577 +12.4
 

+5,430 +18.5
 

+8,A.37 +:) 0
 
+15,919 +37.7
 

+5,921 +28. 5
 
+8,384 +29.8
 

+2,591 +12.S
 
+5,492 +18.5
 

+6.676 +23.6
 
13,495 +32.0
 

: 0.25 km LT. line.
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Formulacion of general detailed guidelines for the choice of HT
 

line versus LT in the WAPDA systems requires more detailed 

engineering studies. Detailed engineering analysis of LT distribution 
in the WAPDA rural electrification network is not done as a general 

rule, in spite of the fact that the LT lines constitute such a large 

proportion of the total length of distribution lines. A major part of 

the technical losses in tne rural system are to be found in the LT 

system and attention should be given to this aspect of planning and 

engineering design to reduce overall system costs and improve service 
quality and reliability. 

Case studies (X 5, 10 and 15 Uipcubewells (Table 5.17) snow that 
the cnoice of HT Line in combination with smaller transformers is a 
more economical solution than LT lines. The use of single pnase HT 
lines Ls :note profitable than three phase HT lines due to the cheaper 
cost of line anc' ransformers. Capital cost savings on the order o1 

12'-30'. are possl '.n te case of conversion of 3-pnase LT to 
3-pnase iT. Savings -n capital cost, by conversion :o single phase HT 

lines, --an De on the )rder of lJ,3U, if Lhe cost )f tr ee pnase L

line anc idaLtribution Ucrinsfcrmers. 

. .. Y Auto-reclose,-, and Sect onaii zers 

The benefits oi installing auto-reclosers and sectionalizers 

should be 'valiuaLed in tne conLexL Of improved reliability and 

service qualitry. Auro-reclosers and on-load breakers can also be used 
for remote controlled disconnection of branch circuits for load 

management purposes. 

No data are curretitlI available wichin WAPDA regarding equipment 

fault frequencies and outage times. The installation of 
auto--reclosers and sectronalizers can, therefore, not be evaluated to 

determioe whether additional investment cosL will be justified in 

terms or improvement i.n service availability and increase in revenues. 

A case study for cost analysis of the installation of 

auto-reciosers and seccionalizers on a typical rural feeder was 

conducted on the basis of broad estimates of fault frequencies, 

repair times, costs and benefits (see Table 5.18). The insLailation 

of auto-reclosers and sectionalizers may be justified from the 

national economic viewpoint. For the electric utility, it is not 

financially viable. The profitability of both auto-reclosers and 

sectionailzers must be examined in detail before any sysLem wide 

application is considered. 

5.2.2.8 Meters 

Time of use demand, and energy meters and current limiters should
 

be installed to manage the peak demand of the rural system.
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TABLE S. 1
 

COST COMPARISON CF INSTALLATION OF BETWEEN AITO-RECLnISERS ANO 
.SECTIINALI3ERS ON A TYPICAL RURAL FEEDER 

NO. DESCR 1FT ION 41ITHOUT ' I TH 0 IFFERENC E 
A.'TORECLC',ER/ IAUTCRECLOSER/ '-( 2)
'EC.T I N.JAL I E: 'EEC:T I ONAL IS-ER 

.verac.ie fault. fre-quencies 

a. 	 Bel,:w 20 minutes lb 
b 	 Abve1 II 

T,.,ta 
 76 2-7 49
 

Cu tae t.re 

a. 	 E:elc,w 20) riinutes lb 4
 
( 0.2q_ hrs./trippin,)
 

b. 	 Abcve 20 rinut.es
 
(.4 hrs.& 2 hrs) 
 44 22 

To ta 1 50 26 2,
 

Energy losses (assurciing
2000 4,
W, 	aver age deiand)k Wh 100,000 52 , C 4,:, 	000 

4. C:ost _f Losses/year
 

a. 	 Revenue (- Rs. 1U, , 0 200 
b. 	 Froduction I? Rs.2/- 200,000 104,000 

Total Rs. 	 260 ,00 13,200 124 ,00 

Capital investment 
-

In aut.o-reclosers/
 
sec t.ional isers
 

a. 	I Aut.o-rec loser t 150,000 Rs. 0 630(.00 
6 sectionalisers b 30,000)


b Annualised cost t.b IS Rs. 
 0 9,500 

Net. Cost. per year 

a-.Nat.ina1 2, 229700 +, ::00( + I .70%)
b I.It.i I i t.y 	 ,(00 5,700 -[09.S )o 125,70 
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To facilitate mer.er reading and cost reductions in service
 

connections, the meters for all households should be located on the
 
outside wall of the house. Meter box which has room for connection
 
box for the cables, meter and devices for load management (such as
 
current limiters) should be developed as soon as possible.
 

5.2.2.9 Capacitors
 

Capacitor applications can offer the largest benefits in terms of
 

energy loss reduction and system rehabilitation. However, improper
 

use 	of capacitors can result in increase of losses and deterioration
 
of quaiity of supply during off-peak hours.
 

The choice hetween li kV, LT line and motor capacitors ihould be 

examined. The efficacy of the mix of capacitors at grid stations, HT 
and LI feeders, nd individual motors should be examined with 
reference to the peak and off peak load conditions. Detailed 

examinarLion of toe capacitor application issue should be made for 

rurat networ'ks to answer Che following questions: 

) 	 Capacitor applications on all motors (switched capacirors) 
o 	 Extent of LT and HT capacitors based on derailed economic 

studies 
o 	 Location of capacitors on HT and LT lines
 
o 	 Balance between capacitors on grid station and distribution
 

lines
 
Impact of capacitor application at customer, feeder and grid
 

station level on capacitor application program in transmission
 

o 	 Impact on generators 
o 	 Choice of attai'.able power factor (0.9 or 0.95)
 

o 	 Penalties for lack of capacitors to customers 
o 	 Economics of capacitor application for the customer, LI
 

networks, HIT networks, grid station & transmission
 
o 	 Data and mapping
 

o 	 Local manufacture
 

A great deal of work has been done by WAPDA on the capacitor
 

application issue but the questions listed above have not been
 

resolved due to the lack of data such as existing demands, power
 
factor, circuit maps etc.
 

5.2.2.10 Voltage Regulators
 

The 	design and economy of both single phase and three phase lines
 

can be affected by thu installation of voltage regulators.
 
Examination of voltage regulation, as part of a feeder analysis for
 

both distribution rehabilitation and expansion, can result in
 

substantial savings in rural electrification investments.
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At present, voltage regulators are not being used in the WAPDA 
system. Automatic voltage regulators are not manufactured locally and
 
are expensive to install and difficult to maintain. The rural system
 
requires a range of inexpensive booster transformers which can be 
installed on the lines when voltage problems are encountered.
 
Instailation of voltage regulators is, however, not the ultimate
 
solution and must be evaluated only as one of the options to improve
 
quality of supply. Other opcions such as bifurcation of feeders,
 
express feeders, :onversion fro,i single phase to three phase, 
(:onversiori from LT to HT etc. must also be examined. 

Presently, Ltie level of analysis in the WAPDA system in these 
areas is Less Than desirable. Oetailed engineering studies of these 
issues mu;t, be Lauc to develop a reference library for the planning 
engineer. The methodoLcgy must also be made a part of the work order 
proposals. 

5.2.2.11 Other sues:-;~~J 

Standards ind Guidelines 

The existing distributiu-in planning guide, construction standards
 
and guidelines are not suitable for rural electrification systcms, as
 
has been discussed in do~ait in earlier sections. Detailed rural
 
electrification Planning and Design Standards should be develped and
 

should include:
 

o Rural electrification Planning Guide
 

o Wock Order System 
o Rural electrification Construction Standards
 

o Reference studies and designs for typical areas
 

Influence of Design Standards on Rural Distribution Costs
 

A number of factors influence the overall distribution costs.
 
These include (1) equipment specifications (2) planning and design
 
criteria, (3) provision of spare capacity, (4) demand levels
 
(connection policies), (5) constraints in replacement policies, (6)
 
operation and maintenance policies, (7) financial and economic
 
evaluation procedures, and (8) standardization procedures. Detailed
 
studies of these aspects should be made at regular intervals to
 
update the existing design standards.
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In the WAPDA system, the statutory voltage variation is +5% of
 
the rated voltage. In other Asian countries, the limit varies between
 
+5 and -8 for Bangladesh, and +10 in Thailand. Reducing the
 
permissible voltage variation from -5% to 
-10% can mean a cost
 
reduction of about 10%. The technical losses in the system due to
 
poorer voltage and the financial loss to the customers at the remote
 
ends of 
the feeders due to loss of motor life must be considered 
within the decision to maintain a certain voltage regulation is being
made. In reality the voltage conditions In the WAPDA rural system are 
presently much worse than the stipulated -5%. A detailed examination
 
of this aspect of distribution design should be made to establish
 
realistic levels.
 

The current WAPDA practice of ignoring the power factor of small 
industry and tubewells in rural areas is causing a major waste of 
distribution, grid station, transmission and generation capacity. 
Motors with power factors as low as 0.5 may be found in the system; 
the rewinding of motors in rural workshops using substandard
 
maceriais can result in very poor power factors and the wrong sizing
 
of motors will also reduce power factors and eificiencies. Suitable
 
statutory limits on power factors of motors (at least 0.9) must be
 
imposed and a program for installation of capacitors on all existing
 
motors must be implemented.
 

The design of distribution lines in the WAPDA system is currently
 
based 
on 3% voltage drop in HT lines, 4% in distribution
 
transformers. 3% in LT lines and 1% in service cables, which results
 
in about 1i% voltage dr;p 
from the grid station to the customer.
 
These design,criteria should be reviewed keeping in view the 
voltage
 
regulation at the grid stacion level.
 

The ADB Regiunal Rural Electrification Survey Study (Ref. 25)
 
recommends the following voltage regulations at different system
 
levels.
 

Substation Voltage + 6.0% (at full load) 
HT lines - 7.5% 
Distribution transformer - 3.5% 
LT lines/cables - 4.0% 
Service connection - 1.0% 

Total 
 -10.0%
 

Voltage regulation at the grid station is a must 
for rural
 
systems. Regulation through substation transformer on-Ljad tap
 
changers or HT 
feeder regulators at the substations can be evaluated.
 
Since this is an important issue, proper economic evaluation of the
 
voltage regulation options must be made.
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Voltage conditions can be improved and losses reduced through (1)
installacion of capacitors 
on motors (-2) matching of motor 3ize to 
tne power requirements and (3) instaliing -apacitors on LT and HT 
Lines. A suitable mix of switcned and unsWLtched capacitors should be 
determined. The capacitor application study should be made at the
 
customer, LT, HT, Grid statin and transmission levels of tne WAPDA 
syVs tem. 

) e rvJ !e Ze [Lii ', 

installation it auto-rieclosers and seclionalizers on HT lines can 
result in a considerable Lncrease in the cost of Line, which may not 
be justified Por rural eiectrificacion networks. correctThe decision 
regarding instalilacion of these devices ,an only be made on the basis 
of economic JustifLCat ion. -o carr" sut such an analysis, operational 
data regard1.ng current , -'pecced >aul: frequenc~es and outage

otimes Ls necessar y, but sucli Ita insi presently available.
 
F'urt~lermore tie valte )f1: 
 cr~aseu roica '7 :.o gusComers In aot 
known. Stuuies lt sitLnesu :uestLIlJS inosic, tuererore, be made and a 
detailed program ot recording and e.aluating equipment and line 
outages and repair times should be developed. Auto-reclosers and
 
sectionalizer.s can 
 be fttLed Later wnen loads are greater. 

Major areas where cost savings are possible have been discussed
 
In detail Lin the earlier sections. The improvement of the quality of
 
supply and service as well as cost reduction is possible by a number
 
of other actions briefly described below:
 

o Meters 

A major portion of the distribution losses are derived from 
faulty meters. A meter test and replacement program should be 
initiated. Phe that removed be andmeters are can recaiibraced 
repaired or scrapped. This can be organized at Division either with 
in-sicu (portabie test apparatus) or by mass a replacement and repair 
p-ogram using a central testing station. This program is likely to be 
sell-financing.
 

The sesign and transport of the present meters may not be 
sufficieniv robust resulting in meters faultyand thus many being on 
first commissioning and remaining so. New methods redlice thisto 
problem can be readily developed and implemented. A study should be 
done on a statistical sampling basis if necessary determineto the 
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number of faulty meters in main scores, sub-stores and customers' 
premises and from this to determine financial cost.
 

Meter surveillance program must be instituted to guard against

(i) widespread collusion between meter-reader and customer to provide
 
wrong readings, (ii) physical interference to bypass meters. This can
 
be done in a formalized structured approach using random selection
 
techniques and thus enabling a quantification of the problem to be
 
solved.
 

.'ithin the context )f an Energy Loss Reduction program in WAPDA 
(designed by PTAT) there are a number of specific problems concerning
RE to be addressed. Electromechanical metering is very susceptible to 
mechanical damage in transport, storeb and ins-tallation. It may be
 
cost effective to use more expensive digitized meters to reduce
 
energy losses and Q/M cniarges. In any event, special arrangements

should be developed 'or trie ha:aliaig of 
 meters to reduce incidence of 
faults.
 

The meter-reading period snould be increased to every two-montns
 
while continuing 
 to issue monthly bills to maintain cash-flow. 

As discussed in section 3.6.3 above, there should be a 
correlation between meter 
reading and consumption against installed
 
appliance and possible connection to ocher houses.
 

o Poor Standard of Construction
 

Another major problem lies in the poor standard of services (the 
connections between the main network poles and the 
houses/meters). A
 
program of replacement/refurbisnment would 
reduce unauthorized
 
connections, eliminate faulty joints/overheating and reduce loses.
 
This could be self finaincing. 

o Replacement of Overloaded Equipment
 

The final stage--and the most costly--in the process of improving 
service reliability is to replace overloaded network and 
transformers. This is very important and needs study since present
 
networks are geiierally below minimum standard. 

o Load Management
 

Tubewells and other motors tend to be oversized due to 
unreliaoility of supply and relativelv low incremental purchase cost.
 
The power factor of these units will be low due to the load 
characteristics and the design of 
the motor. On average it could be
 
estimated that between 15- 20% Aditional kVA capacity could be
 
released -y improving the power factors on these inscalla'ions to 
85%-90%. This would require trhe customers to pay the costs of fitting 
suitably sized capacirors on these motors to improve their power
factors or alterUdLively pay low power factor surcharges in the 
tariff.
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Additionally the supply to tubewells could 
be interruptole for
 
the two-hour peak period. This would improve 
 the load factor and
 
increase tne ,vaiLabtLLty capacity co other customers.
 

The interrupcible tariff could of course be readily applied ro
 
c,t industrial tariffs. This could be done as in 
 other countries by

flt"ing time-switches to existing meter's 
 and only recording maximum
 
demand during nomninated peaik hours.
 

ocde i rv i-.i ': ico)eLoc ioa management- of :he housenoLd 
La" i rLai I -,as. .swouLd )e best spent on Ld promotion, ana 
educata:.n on tne eficient isa of eictrici, t an reduction of 'aste. 

As already above, there considerable 

management on tube''e LIs/pumps and industry and this can be readliy
 

n)t l ined is scope for Load 

done by having (i) i:e.!rruptible supply using time switches (ii) a,
 
inte-rupcbLe tarl:f Ind 'ii) 
 Making power factor correction
 
manator'. "o -ame tninng can 
also be applied Co te Small 1irral 

ILISt r~a to)cS :"Jr -ommeUraC customers ia rural areas tee b 
"er i t ,-o ,)thier than ::ax:imum d]emand or :ime-of-Ua" :ar'::: 
mar Large om:Lerc7I. ustomers. Load imnagementwhich bncnues 12
 

ener 
 , Loss reouction program is very COsteffective. 

integration of Primary Voltage and Phas,. option Studies 

The WAPDA report (Ref. 22) recommends that 33 kV be used as the
 
primary 
 voltage on all new rural electrification schemes in Punjab, 
Sind and '1WFP. The Baiuchistan Province with low-load density coula
 
be supplied 33 c', single-poase as ii kV would be too costly. The
 
report also recnmmends that 11 kV be continued as 
 the primary voltage
 
in urban areas and existing rural i1 kV feeders woild 
 be retained.
 

these conclusions are valid but the study issu,-ed that the nign
and low-tension network configuration was tne same wnen conside-i,,g 
tne various options for the primary voltage. Thus oie total cost 
savings were not identified. This study was not integrated with toe 
S-Phase PTAT study. There is no coordinated, integrated approac.-. a 
cte total RE 33/LI'LT supply requirements and nor to develop a 
network using Lower- costs and lower design standards to suit these 
requi rement s. 

o Phase Converters 

Phase converters are expensive but costs could 
be reduced by
 
consumers using _ingle phase motors up to 3-HP and 3-phase motors 
with converters 
supplied for larger motors when required. This is the 
best solution for WAPDA. These converters could be manufactured 
Locally and toe customer would include this as part 
of his cotal
 
inscail.ation cost. The starter and phase converter can be installed 
in toe same panel.
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o ateri ls 'anagement 

The bulk or tne material used in RE construction is centrally 
procured: poles, conductors, insulator, transformers, meters etc.
 
Small items of material, such as bolts, brackets, supports etc. are
 
Locally procured.
 

There is chronic Snortage of these major material items which 
results in 

i. Delays in :xtending suppIy 
ii. Inflated labor costs caused by repeated visits to the 

job-site. 
iii. Low productriveif and over - staffing 
iv. Low morale among personnel 

Under the TAI project , .ncierials :uanagement systems are being 
developed whic-i will L:nprsve Ene situation. The priorities snould be 
to ascertain ui) L:Ie 2XmerL Jf na. problem ii) tie degree of 
material shortages Iil) tihe real cost .)f :naterial snortages "iv) a 
priority act.on plan tLo improve procedures and establish a management 
information system mrnanagers on inventories for critical .rens. 

o Tecnncail S randards 

The LT outlets oil atJ transformers should be fused to reduce 
burn- out. 

Without connectors nere are major problem such as flickers, 
heating, burnout, energy Loss etc. and speciala low-cost connector 
should be developed. 

Lnexpensive stays and earthing methods should be developed, such 
as lb am, galvanized steel conductors. 

The feasibility, design, local manufacture and costs of simple
voltage regulator 3-phase and single pnase very limited range in 
kVA) should be examined.
 

The feasibility of providing cheap reliable power factor 
capacitor for rural motors up r.o 15 kW should be established again
 
provide a limited range. 

The use of small 0.3 A ano 1.0 A current limiters to replace 
metering for lifeline rural consume:-, should be examined. FittLng
specially-sealed time-swimches to starters on tubewel s and ot,;er 
motors in rural to cake them off-peak should be done. 
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--5.3 Choice of Generation Option 

As has been studied elsewhere by the Energy Wing (Ref 32), in
 
addition to the central grid, there are a number of alternative
 
decentralized generation options for rural electrification, such as 
diesel, hydro, wind, solar, and solid fuels. Some of these options 
are dependent on the local natural resource base - wind, solar, hydro 
- wnile athers are moru broaily applicable, sucn as Jiesei. The 
decision to use aeCet C.iiZed generation DG) can be approacned by 
comparison witn RE from tne grid. The vast majority of villages have 
been and will be electrified from the grid. Therefore, Lhe 
attractiveness of DG as an expenditure of RE funds snould be compared 
to the returns attained from grid-based electrification. :s presented 
in Chapter , ine vi-liage ranking approach is based a benefit-cost 
criterion. The crirerion DCGrshould be :-e ame. Once vlla ge 
rank'ings of belneficCost ratios based on tne central grid nave been 
leveloped, an ,uopoXinate enchmark BiC ratio can be estimaze wnich 
is the lowest 3/(C ratio electrified from the grid and is used 9eiow in 
the evaluation of DG options. It is crucial to note that tnis B/C 
ratio would be different from the one used in the examples in Chapter 
4 because it would be based on total electricity supply costs
 
including long-run marginal crists for generation and transmission from 
the grid. 

The first stage of evaluating DG options is basea on whether the 
village(s) will ever be part of the national grid. This decision 
could be based on either the RE district master plans (that will 
continually be updated) or consideration of the comparative economics 
of a "special" extension of the grid. The extension should start from 
the expected extension of the grid in order not to bias the analysis
 
against the grid. if the DG option is lower cost than the grid, thei
 
the village(s) can be assumed not to be part of the eventual grid.
 
Such results snould be checked with the distribution planning group
 
for that area.
 

if the village(s) will never be part of the grid, then the
 
appropriate comparison is between the B/C ratio for the village(s)
 
using DG and the central grid B/C ratio including generation and
 
transmission costs as discussed ahov". Villages with higher B/C
 
ratios for DG options than grid-based villages can be electrified
 
using DG. In this way the returns from RE using DG are as good as
 
chose from grid RE. One issue which remains is whether tne RE fund
 
will receive the additional monies needed to cover DG generation costs
 
since grid generation costs are generally covered by non-RE budgets.
 

The option for electrification using DG should be available for 
all villages whether they .iil eventually be part of the grid or not. 
Since complete RE will take time to achieve, villages that lie far 
from the grid but would eventually be part of it should have tne 
opportunity to be eluctrified using DG if they or a cluster of them 
have an attractive B/C ratio.
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';on-Pianned(slectrIfLcaEton fron trie Grid
 

As Co :he cacegorlzation of villages with regard co their
 
potential electrification trom -he grid, such information will
 
graualiLy De co IcL Led Is the village 
data base is ref ined and toe
 
list ricL aiser pLana or electriit ion are updated. For each
 
L.'la ie at :ed e onn1ected to Ctne gr Id, Che needed 

I to nat An; ', DO Ia'ta it-sLances 'roin ie ends i t_ planned nd 
eXiatL~. .;r; ._ '.1 -ages ' a tie DetWeen 1: Ind rile
 
expeccel 'r' i:, 1 1. C ii 1,e t2iat 
 aIre 'OciLCl t n imIniles.L 

; .2i; r-F { :., '-'otl[J ie 'a:ied , a le 2 5t >41-aicAtL I , ::rld-based<.td ISlJtiLl :.eat~- ',h:d tmeuLS itm on)( [Ir eacLo at th]es,] vi'Ilages. Tis
Li~ n" v'/"Ii.d d so,.)rI:n.IIL 7 m ..i , .t.LerIoined 


vt J]ages ~.qt " :1 le. I k'it- )CL Qe
: , en it in [I co arlsoo i :no °rr 

.' i :I i,'e . 1r:.v I 1 kir ). r ed i toile za( erl,' *41i, 

e c ri:e 1 t 3..ti)sL C 'o e i"'_ udiios i4%e p L h LI :Lopej LCi 
nI.n ' Candei"1 1-,:1eLxrgrid T'4L-* -'n[cLI) . etie Icn I-ie.. . )[it;Ie ;)I L r d lOSt iiaciised uinder" ti]e 

d i:strIbu-:'I n i teD tLe;ci ieat p Lnn ).:S '. iLOt e oer rd 

'20, , L le. 11l] L COSt t t 11 S extra eXtenlsion is .I ttl 1 a unctLion of 
the leve. and Load factor ) demand to be supplied by LhiS Line.
 
Li.ewise tnt it. ort amLse 
 Gene rat ion wi I depend olu C1ne Level and 
Load actor o)t' demand as %wellas the delivered price of diesel fuel to 
tihe ir i. 

I iieL I 2iecLri 0 ro L.i oCr t, rid-baeo C f caL1on COSt tese
 
remote ilages ts cump i,1ated by cte need to examine the
 
i2C 1C1I-ati,)'LI o ,group o r cLuster )I viliages i.-n order to capture


economies r)LicA ie or te 
d t I butcion system. This is the same
 
Issue d .;cussed as a
] 'ove,reg rd Ing the village ranIi ng criterion 

beneritcos' -: 1 0C thtld IS dependent not Only on toe distance from 
 the 
arild buL -Il.o lo , hie Aocac-lot of nearby villages. 

his LompLarl soi sno uld be based on r:d costs ctat Incorpo rate the 
c',e1t j L L)it )I tile .;rida iA in not -)n toie eXIs L "ig extent 1e tioe 

igrd. L i11 LS tOCdone, toe grids transmission and distribution 
costs 41 L De )ver-estiimated Lt tie economics of toe grid option does 
not Cake noo ionsideratton IlL ot . tc demand Lt, at could be served by
 
the extetlll I Jor te grid.
 

A comp lication irises ii: the 6)'.,u1iI L ,-oscs Ire no re Loha1 t [oSe 
from the grid wnile the DG B/C ra.io is better than the grid 
benchmark, the gr1.d nigh be -eIte lded to this -Irea soon. This 
SItoLt I C/)t i_, t . lhevlLageIs Witll Cte DG opt I R'd"e0i d C 

nikgoherC 
benefits t ,an toe average vi. lIage benefits beiag reached by -e grid. 
If che vgrid 4i11 .arrive soon, the DG option should be rejected. But 
if Lthe grid 'ill nut be extended to this area soon, a judgemental
 
process could be ,-onsidered to still consider the 
DG option if the
 
grid will not reach the village(s) for a substantial Lime. Under this
 
condition, llectrification using 
the DG option nay be considered since 

he 3/(C rato is Detcer than the grid benchmark 3/C ratio even thougn 
in the fture oe B/C ratio would be higher when the grid arrives.
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in tie -ase )e diesel DG, an interesting opportunity arises even 
if diesel is more expensive than the grid. 'Where the diesel B/C ratio 
is higher cnan the grid benchmark, it would then be reasonable to 
electrify village(s) using diesel. As the grid expands and villages
being served by diesel are connected, the diesel generating equipment 
can be snifted to other ocatLions thus making use of village 
distrLZ-LbuL; m connectiin equipment already in place. This approach 
is applied in Aaisva, ana can be considered for any DG option that 
can be trans3er.-'e to -other iEts. 

Une ,gener' ,:7 LzSc;Iu '-'tniCln illis :not beern addressed and cannot 
be adequatei'; done o in tiLs study is tile possibility of permitting 
private DG 'wnere -e Lari,:i2 ire se in tChe private sector. in tais 
way, i: ,a oruvats gen rator can find buyers at nigher prices than the 
standard tariffs, PrLva[e genecratLion Ls per-mitted. Thera are a number 
of SSUeS uInaC need t De audressed as part of considering such i 
oii:2', 5cu:n i; cnsiS tour :!atuonla us riffs . FuLtner stuuv )f unus 
possibiilu' s ,:iVusi~: needed Lf it is to be considered setruousi;. 

E.ven t:;ougn -ucni of zne DG aald',1sis is location-speclfic, in taCe 
next subsect ims, some general examination of the relative costs of DG 
versus the grid are presented. The general conclusions are ctac 
diesel and niydro have some good potential while wind is less likely to 
be attractive and solar seems quite expensive. It must be repeated 
that such conclusions are only indicative, and location-specific 
analysis us needed is part of tne RE planning process. 

Diesel Generation
 

In comparison co most generation technologies, the capital cost of 
diesel power generation is low (Rs. 5000 per kW), but the relatively 
short Life of the diesel generation plant can nevertheless result in
 
high annuali:ed capital costs. Furthermore, the operating, 
maintrenance and fuel costs are high. In remote areas with poor 
communications, both repair and maintenance and supply of fuel and 
lube oil 
may cause disruption in generation if suitable institutional 
arrangements are not made. 

Photovoltaic Systems
 

A number of pnotovoltaic systems have been constructed in 
Pakistan as demonstration projects. The current cost of phocovoltaic 
systems is in the order of Rs. 138,000 per kW peak power. At tnis 
cost, despite its low recurrent costs, photovoltaic systems arpear to
 
be economicalLy viable only in exceptional situations.
 

In the case of individual households, with low demand ".such as
 
0.08 to 0.10 kW), the relative economics of supply from photovoitaic
 
for Lndivid.,alihouseholus may prove to be better than those of the 
central grid. !he pnotovoltaic panels must be supplemented by 
inverter/battery systems to meet the lighting and fan loads in the 
evenings. 
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'ind Generatars 

The wind generators present an option which may be attractive in 
areas where wind velocity distributions are within acceptable limits.
 
The cost of wind generator systems is in the order of Rs. 35,000 per 
Q, wnicn is comparable wit.th che central 4rid cost of generation,
 

rainsa is ion 
 InU S tLULti)n karel Level, Per k";. Wind generators
 
May, ioWeVer, not Ue ideuace to meet the rota 
 I requi rements and
 
nybri i WiLa ina a iesek i ,vs Ls may have to be considered.
 

lic roh.',I r, in na I iil r, 

A a e sumberI- :L r) ,ncr,) SiteS -re availiale in Punjab, Sind, 
"NW''P and Azad -ias mi. ZVeil In 3aLUCn LStai stome Isolated plants can 
Oe put n .ci:, parevnnia, is .;aiiAbie. t is estimatedip rr re u 
tNHL ,GiA . d -J Prje . !A cneSe three prlvtnces May' offer -ieCtrlC 
po'er P:)titLil i -.e rier or :b-) ,. ZhLu 'L.IF EVe eCOUom IZS Rt 
smal { I I , Do=S W i Ka ire 'o jI ,.] dCo cost or[ 
qene rat 1 9 :aLvs Detwuun 43. ''9u nad An.3,0 pe raKuagcr 1W 
LtOW ICCcL Lta fact CnaL LAO need fir ranSliSSlun lines and voiage 
Eans tirsracLou does alue role tIn C: CaSe ,J tIese projecLS ald cne 
energy losses are relatively Low i "/Ly in local distribution), the 

proje o In et ,ue .

opt ions.
 

small ydro ".ert tOr t AractLve decenLtralized 

"11]cronvdro inc s;mall n ,'dra planEt.; can bc integrated inito the 'dAPDA 
grid in i Large number of places 11 inun jab and Sind, In northern 
areas and .Zad Kashmn.i r, A Wore 1 Iu,ated ope raion wili oe necessary. 

The econolics Li Otni CaSeS are ittLrctLive. 

Cost ' uarlo. ,lAn)torLiDecen[: int d IlI 

A number of aase . tudies were carried out Lo analyze the 
illustrativye conoics or diesel, solar, wind, microhydro and central 
grid !or -IeCtCifICaLt Of an Illustrative rubewell and (2) anion ) 
illustrative village and ( 3 ) in iltustrative area. The prices were 

based on a;ai lable inforMarlOn rrots oher studies and recent 
documentacion. The village and area characteristics were based on the 
sample a .ar studied under he current study. Details of these case 
studies ir. Iiven In A nex T6. 

Tubeweil ror Irciat otn 

In .ne case or A cubewell for irrigation, microhydro, the grid, 
solar atdh wind oire more expensive han diesel engines in Punjab. The 
best ]Leeiti i zed ,pr. ion for the Qubeweli is diesel engiae. However, 
as discussed in Chaptr 3, w4th high utilization of the cubewell and 
off-peak use, hlie economics ,'til be different and could be in favor 
of the central grid. 
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Village and Area
 

For village electrification in Punjab, the central gria and
 
microhydro are attractive options. However, diesel generation must
 
also be eval,.ated seriously in all cases where the cost of
 
electrification through central grid is above average or the grid will
 
not be installed.
 

5.4 Maximizing Local Procurement of Material and Equipment in Pakistan
 

A shift to new technical options in equipment and design may
 
require that initiaily selected distribution material, such as steel
 
wire for prestressed concrete structures, hardware for distribution
 
line construction, single phase transformers, voltage regulators,
 
capacitors, meters, etc. is imported. Capabilities, nowever, exist
 
within the country for local manufacturing of all majur items of the
 
RE distribution system. An iiicrease in the existing manufacturing
 
capacities wiii be essential in certain areas such as poles,
 
transformers, voltage regulators, meters and capacitors. A detailed
 
survey of the existing manufacturing capabiliLies of each
 
supplier/manufacturer should be made and plan foc enhancement of the
 
existing capacity should be prepired as soon as possible based on
 
estimates of expected equipment needs. This study will be essential
 
for evolving strategies for maximizing local manufacturing of
 
distribution material. One immediate issue is the need to expand
 
local pre-stressed concrete pole manufacturing capacity. In addition,
 
to expedite the relationship between local manufacturers and WAPDA, 
material procurement procedures need to be streamlined so that
 
purchase orders can be placed well in time and at regular intervals.
 

Most of the distribution material is already procured locally by
 
WAPDA. nternationai competitive bidding (with price preference for
 
Pakistani suppliers) is common on donor funded projects. To obtain
 
competitive prices, this practice has been effective on distribution
 
projects, where the bidding was open to all countries. In the case of
 
restrictive bidding (donor country and Pakistan only), the prices,
 
generally, tend to be higher than those under international or local
 
procurement. It is recommended that as far as possible WAPDA should
 
use international bidding for all major items of material: though
 
studies are needed to devise the specific level for Pakistani price
 
preferences. Restrictive bidding should be confined to only minor
 
items to maintain competitive prices among commodities made in
 

Pakistan.
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3.5 Economic Relationships Among Electricity Subsectors
 

Investments in tha power sector cover expansion and rehabilitation 
tn (1) generation, (2) bulk transmission (220 kV, 500 kV) and related 
gubstations, (3) secondary transmission (132 kV and 66 kV), (4) grid
StatLons (132 kV & 66 kV) and (5) distribution (urban and rural). 
Less conventiocal but gaining attention are investments in load 
management and energy conservation. The current method of allocation
 
of funds to the different sectors is based on natural growth, special
 
considerations to completion of ongoing projects, and additional
 
emphasis on growth of certain subsectors such as rural electrification.
 

in 197Z the snare of gross fixed assets in operation for the three
 
subsecrors (generation, transmission, distribution) was about 43%, 18%
 
and 39% caspec:ively. In 1987, this distribution (provisional) was
 
ibout 35% generation, 32% transmission and 33% distribution
 
respecti-ely. The number of villages electrified per year during the
 
pas: 10 years has ranged between li81 (1980/81) and 3405 (1986/87).
 
The share of rural eiectrlficaLion and the number of customers to be
 
connected has also varied considerably. A current critical issue is
 
the short-fall in generating capacity as evidenced by outages and
 
loadsheddi .g that has been estimated to approach 20 percent of the
 
total peak demand. To aidress this generation need there are several
 
proposed projects aimed at bringing on-line over 1,000 MW from the
 
private sector luring the 7th Five Year Plan.
 

The allocation of resources 'Within the electricity sector in a
 
conventional analysis is driven by the demand for electricity This
 
demand is influenced by government policy on tariffs and the
 
availability and pricing of other energy products. In a stable and
 
large power System, this aliocaLion of resources among the subsectors
 
is driven by the need to keep the needed technical balance between
 
generation, transmission, distribution, maintenance, and load
 
managemenr. On the other hand, in the growing and smaller systems of
 
most de-veloping countries, demand is limited by the availability of
 
electricity, and there still remains a large potential demand for
 
electricity. Such demand is also often driven by subsidized prices
 
for electricity. Furthermore, on the supply side, investments are
 
very lumpy because of large economies of scale in power equipment.
 
Financial and implementation capabilities are often stretched to the
 
liAit to try to meet potential demand, and these capabilities vary by
 
subsector. The resulting situation is a power system whose balance
 
between its subsectors is continually shifting. As major investments
 
come on-line, the capacity in one subsector nay exceed the capacity of
 
the other subsectors; in growing systems, this is unavoidable.
 
Because of this fluid situation, the economic relationship between the
 
different subsectors in terms of the relative importance of
 
investment, is continually changing. Obviously, good system planning
 
coordinated with policy development attempts to maintain balanced
 
relationships, but with large projects and the continual changes in
 
demand, the timely implementation of investments is difficult.
 

'Continual short and long run planning is necessary to make adjustments.
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The allocation of 
resources among the different electricity
 
subsectors 
requLres detailed srudv of the benefits and costs of thj 
full spectrum of possible investment options in these subsectors.
 
Then the results must 
be viewed in the context of government policies 
about the increasing reliability and availability of electricity. 

The benefits of the potential investments can be estimated based 
on considering the different power sector goals such as service to new 
,ustomers, reliability for existing customers, and cost reductions.T. returns to eacn of these goals is difterent. The value of 
eiti :'ricity for service to new customers is their willingness Co pay. 
T7, iue of reliability is usually quite nign as it is based on what 

lied outage costs or the cost or unserved energy. The value for 
11.!uing unserved energy has been found to be higher than the
 
willingness 
to pay because of greater Losses in productivitcy or 
greater inconvenience to nousehoLds when onc is already dependent on 
eiectricity ("The Financial 1nd Economic Empact of Power Interruptions 
and Load SnLedding in tne Lndustralai Sector of Pakistan, Draft, '-Iarcn
 
iL7, Rev. i, Ebasco-AEPES-LTECO Joint Venture). The value of cost 
saving measures is simply t:Ae resuicing decrease in supply system 
costs. 

Each of the possible subseccor investment costs can be evaluated
 

against their possible benefits. Depending on the condition of the
 
power system, generation investmentL3 will have different mixes of
 
benefits. If generation is short, then the value could be 
at unserved
 
energy or outages costs; if 
the system is near balance, then the value
 
is the willingness to pay; if there 
is excess capacity, then may be
 
the value of fuel savings. Energy conservation or load management
 
could be valued at the avoided cost of new generation. System
 
rehabilitation can be 
valued based on cost savings, increased
 
reliability, or service of new customers 
depending on the situation.
 
Technical loss reductions can be viewed as cost savings.
 
(Non-technical loss reductions have 
no additional economic benefits
 
because such electricity is already providing economic benefits to
 
consumers 
even though not financial benefits to the utility.)
 

The analysis -would need 
to consider the scope for investment in
 
the different areas. 
 For example, the scope for investment in
 
reliability is strongly dependent on the level of 
required improvement
 
in reliability. In situations where there are 
many outages, the size
 
of potential investment is Large. The cost of reliability varies
 
tremendously depending on the system. Furthermore, in Pakistan it
 
varies from the cost 
of new generation to the cost of distribution
 
rehabilitation.
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It is only by comparing the results of this analysis that the
 
relationships can become apparent. Though it is reasonable to
 
conclude system rehabilitacion and greater reliability look like the
 
most attractive choices in Pakistan currently. In any case this
 
economic analysis has ro be tempered by social and political goals.
 
To the extent that electricity is viewed as a social goal, the value
 
of supply to niew customers rather than better reliability of existing
 
customers may have a higher socio-economic return. Another issue is
 
tne financial impact of the different investments as the returns co
 
the utility via tariffs may vary from the economic or socio-economic
 
returns. In addicion the implementation capabilities and the
 
comparative advantages of the private and public sectors in the
 
different subseccors may differ. 

Exteusive studies, analysis and sectorai information are required 
to escabli!)h the relationsnips outlined above. In view of this 
study's limited resources, such quantitative analysis could not be 
performed. Nevertheless, detailed analysis along the above lines is 
recommended.
 

5.6 Summary 

The policies with respect to technical designs and standards and
 
supply alternacives must reflect technical options evaluated in the
 
light of economic costs and benefits. These policies should achieve a
 
goal of finding Pakistan solutions to the problems of RE in Pakistan
 
by drawing as mucb as possible on the past experience both in Pakistan
 
and ocher count:ies which have addressed similar problems.
 

WAPDA's existing rural discributlion network is based on the choice 
of II kV as the primary voltage, extensive use of steel lattice 
structures for construction of both primary and secondary lines, three 
phase transformers ranging between 25 and 200 kVA and separate service 
cables to each customer. An extensive network of low tension 
distribution Lines is already in existence. The networks have high 
technical losses and poor service quality and reliability. This is a 
high cost network compared to many other countries and an alternative 
solution has to be found. 

In this connecLion, the main areas studied include the choice of 
a
 
higher (33 kV) primary distribution voltage, introduction of Fingle 
phase option on all branch lines, selection of conductors on che basis
 
of economic criteria and demand in year 10, reduced length of LT
 
lines, utilization of more approximately sized transformers, which can
 
be justified in economic terms, introduction of smaller single phase
 
transformers, multiple service cables and low cost 
prestressed 
concrete poles. The current movement in these directions by WA.PDA 
should be supported. 
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Selection of 33 kV as primary voltage will result in overall cost 
reductions in capital investments in transmission, grid stations and
 
distribution network expansion in spite of 
the fact chat the 33 kV
 
distribution network is more expensive than li 
kV, but consi.derable
 
savings are possible in the costs of transmission, and the reduction
 
of grid station and distribution losses.
 

The single phase option is economically viable on all branch 
lines. This option is more economical than the current 3-pnase 
arrangement especially for electrification of individual loads such as
 
tubewells. Replacement of 3-phase LT lines by single pnase HT lines 
(specially 33 kV) in combination with phase converters for three phase 
motors is an attractive solution that results in substantial cost 
savings and snould be examined in detail. 

Smaller single phase transformers can be useful in avoiding waste
 
of transformer Lnstallied capacity and reduction of iosses. Muiiple

service connection cables offer anotner cost saving solution.
 

The existing steel lattice structures unnecessarily increase ce
 
cost of distribution lines. The existing prestressed concrete poles
 
are 
not tne optimum poles for rural distribution expansion.
 
Introduction of low 
cost pole options can result in cost reductions on 
the order of 35.. Coupled with cheaper conductors used for 33 kV, the 
overall cost of HT distribution line construction can be reduced by a 
total of about 50%.
 

Application of a new cost effective approach, using tne above
 
outlined measures, can result in cost reductions close to 40% of the
 
total capital investment, as may be seen from the application in a
 
sample area in Pakistan.
 

The major cost savings (+), as well cost increase (-) in the
 
sample area, were as follows:
 

o Transmission & grid stations + 55% 
o HT distribution lines 
 + 61%
 
o Distribution transformers 
 - 14% 
o LT lines + 28%
 
o Multiple service connection cables + 15% 
o Regulators and Capacitors - 87% 

-_ Overall Cost Savings (weighted average) + 38%
 

These savings can be brought about by the introduction of 33 kV
 
three phase (main lines) and single phase (branches) HT distribution
 
lines, 5-25 kVA single phase transformers, multiple service cables,
 
low cost prestressed concrete structures, 132 kV transmission lines
 
and 132/33 kV grid stations.
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From- these sLudies It Ls now possible co prepare preliminary 

Technical Instruction Manuals outlining the new materials and 

methodology for introduction of the New Approach to Rural 

Electrification. In order to gain momentum, work on preparation of 

detailed technical specifications, product descriptions, standards, 

guidelines and procurement documents for the new equipment (33 kV, 

single pnase smaller transformers, Low cost poles etc.) and materials, 
must be started immediately.
 

One of the most important conclusions of cne study is that WAPDA 

should immedLatei stop further procurement )f steel lattice 
struccures. The existing WAPDA and private sector prestresseU 

concrete pole manufacr-ring capacity shouid be increased on o crasn 
basis to Meet the total requirements of AistributLon construction. 

The existing supplilers f steel Iattice structures nay either De 

encouraged :o utilize LneLr proouctiun capacicyt, r zranszissi.n t 

towers or put up p:escresred concrete dole manufaczur ng planIS. 

rurtnermore, tnere are major ipportuniries zor Lhe prlvate sector 
in Pakistan for manufacturing of single phase transformers, voltage 

regulators, phase converters and power factor correction equipment. 

To implement and update the new technical standards and guidelines
 

on a continued basis, the capability within 'APDA Distribution must be 

developed.
 

In summary, the poiicy changes needed include: 

1. 	Immediate isuance of a set of preliminary technical standards and
 
guidelines to the A.Bs to facilitate .ne acnievement of cost 

reducions Df 30 percent or more; 

2. 	 The incorporation of the.3e Lecnnicai luidelines in the area 
planning, costing and selection procedures anc also in cate work 

order Lmplementation procedures for RE villageisettlement 
investment project preparation 31d execution; 

3. 	 Fhe new rural eLectrifLcation scandaras snoulc De Lmplemented 

withir, FY 1983/89 for at least a part of tne GOP financed and tne 

entire donor funded rural eleccrificacion program; and 

4. 	 Start of ongoing furtner studies to ievelop - final set of 
technical design and standards guidelines ror rural
 

electrification in Pakistan that can be readily implemented at thle
 

AEB Division Level staff.
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Chapter 6
 

Data and Studies for Rural Electrification Planning
 

6.1 Introduction
 

This chapter presents an overview of the data, projects, and
 
studies that are required for rural electrification planning. T.,e
 
first section is a brief description of the comprehensive data base
 
that will be used for diverse applications, including demand analysis,
 
accounting, and village selection. The second section is a summary of
 
the studies and projects that are necessary components of .RE planning,
 
both for LmMedlate liplementatLon and for long-term monitoring ana 
evaluation. The last section describes the sources of iata fnat were
 
used in the analyses for tnis study.
 

Descriptions of the data bases (existing and to be developed),
 
studies and some of the projects required appear in Appendices L and
 
M. 

6.2 Required Data Base
 

The long-term objective for WAPDA will be :he establishment of a 
totally integrated data base which will be used at various operational
 
levels for all customer-related activities: billing, meter reading,
 
accounts, load research and analysis, technical analysis, demand
 
analysis, analysis of RE benefits, and village selection. A crucial
 
part of this data base development will be in the form of a
 
comprehensive village/settlement data base.
 

For this data base, basic data need to be collected for all of the
 
villages/settlements in Pakistan, to facilitate decision-making in tne
 
first years of this program. These data should include the numbers of
 
tubewells, numbers of rural industries, numbers of households and
 
their distributions of income, numbers of commercial and other
 
consumers, geographic location (as integrated with the mapping
 
effort), electrification status, (if electrified) the present usage
 
patterns of electricity, and as-built maps of existing distribution
 
system as well as future distribution expansion plans.
 

Many of these data are already or will soon be available in the
 
WAPDA Master File. It contains meter records from every connection,
 
and is updated monthly. This will reduce the amount of primary data
 
collection required, and will help to establish the beginnings of the
 
village data base.
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The data base developed by PTAT and USAID is updated annually. It
 

contains data on the electrification status of villages and
 
settlements, and the identification and sizes of feeders. A
 

locacional data base is also required, which includes the locations of
 
all settlements and villiages, distribution lines and equipment on
 
exi3t.ng feeders, and grid stations (as well as their available 

capacities) wiLtn -ap-orientedgridcoordinates and future expansion 
plans. 

Data -hat are not 4vailable from the WAPDA, PTAT and locational 

data bases mUcs be collected from village and household surveys. 
These surveys will includ.e energy consumption and expenditures, income 

or wealth measures, wiiJ.ingness and ability to pay for electricity, 
and througn analysis of rue data, Lne impacts of &E on employment and 

income distribution.
 

Eventuaily, every setlement/subviiiage Lhat is considered for
 

electrification should be surveyed to this level of detail. Data are
 
also required regarding electrified settlements/subvillages. This is
 

impracticai in the opening phases of the planning effort. A viable
 

compromise must be reached between the need for accurate data and
 

scarcity of resources for data collection. This compromise should
 

initially take the form of cluster samples, whereby the data from
 
several villages will represent those from all of the villages in a 
particular district or censil. At a minimum, households should be 

completely surveyed in one electrified village and one non-electrified 
village, in every district or Lehsii. During the period when detai'.ed 

distribution mapping is carried out, the existing as-built maps to 

scale 1:50,000 available with WAPDA sub-divisions may be used. Until 

new area rural eiectrification plans are prepared, the existing 

District Rural Electrification Master Plans can be used and modified
 
where necessary. A review of the secondary transmission and grid
 

station expansion plan will, however, be necessary.
 

6.3 Necessary Studies, Preparatory Work and Data Base Development
 

The earlier chapters of this master plan have indicated the need
 

for changes in many of the policies and approaches of the rural
 

electrification program. All of these changes cannot be initiated
 

instantaneously; a number of further studies need to be conducted and
 

a detailed implementation strategy should be developed. However, it
 

is important that steps be taken to implement those particular studies
 

and changes that are possible in the immediate future pending the
 

establishment and staffing of the new organization structures proposed
 

(Chapter 2). These studi.s will include some that are necessary as
 

preparatory material to support the ongoing implementation of the
 

master plan by the new organization within the framework of the new
 

policies, plans, systems and procedures.
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Within this framework, it would be consistent for any and all RE 
capital expenditures financed under the USAID project to be done in 
accordance with the criteria and approaches outlined in this plan. 
Thus the application of che recommended planning proc'edures to actual 

project plans (whether funded internally and extei'ally) should be 
developed within the new framework as per the schedule discussed in 
Chapter 7.
 

/1 " The needed preparatory work and studies are outlined below as well 
as some comments on the needed time frame. These studies and 
information are organized in the following groupings: 

A. Project Implementation Strategies and Preparatory Work;
 

B. Technical and Cost Manuals
 

C. Area Planning Design and Selection Procedures
 

D. Development of Rural Electrification Expansion Plan
 

E. Geographic and Demographic Settlement/Village Information;
 

F. Benefit Studies;
 

G. Tariff and Related Studies;
 

H. Technical Equipment Options
 

Specific efforts in each of these categories are outlined below.
 

Each of the efforts is further categorized in terms of its priority:
 

o Immediate - within the first 3-4 months of the plan; 

o Intermediate - witbin the first 5-7 months; and
 

o First Year - within the first twelve months.
 

A. Project Implementation Strategies and Preparatory Work
 

Immediate
 

1. Prepare a strategy for initial work orders and capital
 

expenditures. This will include: where to start; how to
 

use as mechanisms for initial institutional change and
 

strengthening; the choice between expansion andt
 

backfill; the modifications that are needed in the work
 

order system and how best toise it.
 

2. Assist in setting priorities) preparation of a detailed 
execution plan for studies, and preparatory work below. 
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3. Design and initiate the tubewell load management
 
demonstration program;
 

Intermediate
 
4. Implement the 
tubewell comparative demonstration and
 

evaluation program.
 
5. Provide assistance with studies and preparatory work
 

for efforts described below.
 

First Year
 
6. Initiate 
plan for 5 year tubewell load management
 

retrofit program.
 
7. Develop a framework and design for ongoing ionitoring 

and evaluation work. 
8. Provide assistance with studies and preparatory work 

for efforts described below.
 

B. Technical and Cost Manual Preparation 

Immediate
 
i. Prepare a preliminary Zechnical standard.i and design
 

manual.
 

First Year
 
2. Prepare and disseminate the finalized technical 

standards and design manual.
 

C. Area Planning Design and Selection Procedures 

Immediate
 
i. Prepare a preliminary area planning and village 

selection manual. 

Intermediate
 
2. Prepare the first revision to the benefit parameters 

for the area planning and village selection manual.
 
3. Review the provincial development objectives, and
 

establish preliminary new provincial-to-districr/tehsil
 
allocation procedures.
 

First Year
 
4. Revise area 
planning and village selection manual
 

including examination of regional variations.
 
5. Conduct first training course (in-country) for WA.PDA in
 

area planning and village selection exercise.
 
6. Analyze alternative federal-to-provincial budget
 

allocations, and continue work on
 
provinces-to-districts allocation procedures (see item
 
3 immediately above)
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D. 	 Development of Village Specific Rural Electrification
 
Expansion Plan
 

Incermediate
 
I. Select, prepare least cost expansion plan, and estimate
 

costs for the electrification of about 750 villages
 

based on the new procedures.
 

First Year
 
2. Select, prepare least cost expansion plan, and estimate
 

costs for the electrification of about 5000 villages
 
based on the new procedures.
 

E. 	 Geographic -nd Demographic Village/Settlement Information
 

Immediate
 
i. Estabiisn the map coordiuates of all grid stations,
 

feeders, and settlements/villages.
 
2. Estimate the numbers of potential customers of ail
 

types for ail settlements/villages drawing primarily on
 
existing data sources: census, prior sirveys, studies
 

by other Federal or Provincial agencies etc.
 
3. Design a sample survey to supplement item 2 immediately
 

above to analyze relationships within selected
 
settlements, for generalization to other settlements.
 

4. Survey selected settlements as part of physical survey
 
efforts.
 

Intermediate
 
5. Survey selected electrified settlements/villages tc
 

study the demographics of unconnected households (maybe
 

immediate if backfill is to be emphasized).
 

First Year
 
6. Conduct ongoing selected sample surveys and analyses of
 

existing data to better understand the relationships
 

between the numbers of non-household customers and
 
predictive variables - population, distance to market 
town, agricultural system type etc. 

F. 	 Benefit Srudies and Related Preparation
 

Immediate
 

i. Conduct selected surveys and analyses of secondary data
 

(as extensions of procedures initiated in this study,
 
e.g. usage and payments in small private generation
 

systems, to study household willingness to pay, ability
 

to pay, and existing energy use; also conduct a
 
preliminary study into the data requirements co design
 

low income lifeline tariffs.
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2. Conduct limited kerosene use (including lamp type) and
 

price surveys, included test of lamp efficiencies.
 

Intermediate
 
3. Initiate load research/cross sectional studies from
 

last 	year's computerized records, and selected time
 
series analyses from secondary non-computerized data to
 

examine actual use levels and load growth over time by
 
region, income, etc.
 

4. Conduct demand and load research with selected surveys
 
of electrified villages.
 

5. Oevelop survey instrument and conduct survey pretests
 
for impact studies (see item 6 below).
 

First Year
 
6. Conduct surveys to measure the impact of RE on:
 

(i) 	complementary investment relationships
 

(2) 	forward and backward linkage evidence, focusing
 
on rural industry, education/literacy, market
 
access factors, employment and income
 

distribution impacts, and commercial
 
establishments
 

(3) 	sex roles in households, agriculture, and small
 

industry.
 
7. Conduct a study of diesel and electric tubewell user
 

operations to understand actual costs (e.g. labor,
 
efficiencies, rural HSD prices) and cash flow
 

differences, and to de~ermine effects on crop system
 
choice and indirect benefits.
 

G. 	 Tariff and Related Studies
 

Immediate
 
I. Study the design of tubewell tariffs in terms of:
 

i. load managed tariffs;
 

ii. higher charges for tariff D;
 

iii. eliminating category D-i;
 
including (a) analysis of connection financing (loans)
 

to coincide with the elimination of subsidies and (b)
 
analysis of provincial/region and cropping pattern
 

impacts.
 

Intermediate
 
2. Study low income household lifeline, current-limited
 

rates, including connection financing issues to ensure
 

affordability and support high penetration requirements
 

(based on study F.l above).
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First Year
 
3. Study general rate increases for other households and
 

rural i.Ldustry (coordinate with main tariff study, 
examine provincial differences). 

4. Study connection financing for customers except low
 
income and tubeweli custcmers covered in above studies
 
to ensure affordability to support high penetration
 
requirements.
 

H. Technical Equipment Options
 

Intermediate
 
1. Prepare plan for selection, development and
 

manufacturing of new poles, distribution transformers,
 
and meters. 

First Year
 
2. Prepare detailed engineering design for new low cost
 

poles, transformers, and meters; develop prototypes,
 
and pilot field test.
 

3. Prepare plan for selection, development and
 
manufacturing of other RE equipment such as conductors,
 
voltage regulators, and capacitors. (Undertake
 
equivalent study to H.2. for chis equipment in second
 
year)..
 

6.4 Data Bases for Study Analyses
 

The data required for the preliminary analyses performed in this
 
study fall into the following categories:
 

I. V4ilage Selection
 

a. Economic and financial parameters
 
b. Benefit and demand estimates
 
c. RE electricity cost estimates
 
d. Village geography and demography
 
e. National to distric investment budget allocation basis
 
f. Intensification
 
g. As-built distribution maps
 
h. Least cost distribution expansion plans
 

Tariffs and Subsidies
 

a. Wiiiness-to-pay and ability-to-pay estimates
 
b. Tariffs
 
c. Demand patterns
 
d. Financial and economic costs of total electricity supply
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3. Technical Specifications, Design Parameters and Revised Costs
 

6.4.1 Village Selection Data
 

The village selection procedure involves a comparative
 

benefit-cost analyses of a 	large number of viliage/settlements to
 
select tne most attractive 	ones that can be electrified under the
 
available investment budget. This 	process, described in detail in
 
Chapter 4, begins with the task of 	allocating the national RE budget 
to tne provinces and then to the districts. Subsequently,
 
benefit-,:ost analysis is used to select specific villages. This
 
section outlines the data used in this procedure in the iliustrative
 
cases used in this study.
 

Economic and Financial Parameters
 

The major economic and financial parameters used are:
 

- discount rates: 	 financial - 15 percent
 
economic - 10 percent
 

- planning horizon: 20 years
 

- conversion factors: 	 foreign exchange - 1.0 
(shadow prices) 	 unskilled labor - 0.9 

RE equipment - 0.7 

The discount rates are based on planning parameters used in other
 
project appraisals, such as for the ADB (Ref 89). Some sensitivity
 
analysis was done using an economic rate of 5 percent based on the
 
work by Markandya (Ref iI). The planning horizon used also parallels
 

other appraisals and is long enough to capture the most important
 
benefit and cost streams since the pcesent values of amounts beyond 20
 
years at these discount rates are relatively small.
 

The shadow prices were based on Markandya (Ref Ii) as well as
 

personal communications with the World Bank. The most important
 
factor is the shadow price or conversion factor for RE equipment as
 
this factor was used to convert financial or market prices for all RE
 
inputs into economic prices. This factor of 0.7 is based on rounded
 
values from (1) Markindya's shadow prices of 0.69 for electrical
 
machinery and 0.68 for other large scale manufacturing and (2) the
 

conversion factor of 0.65 implicit in the Rural Electrification
 

District Master Plans.
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Benefit and Demand Estimates
 

These are used to estimate the total potential economic and
 

financial benefits of electrifying a village in the area exercise
 
described in Chapter 4 where the villages are selected within a
 
limited budget. This village estimation is based on coefficients
 
which portray representative unit benefits in rupees per year,
 

electricity use in kwh per year, and peak demand in kw (along with a
 

peak coincidence or diversity factor) for each type of customer (see
 

the table of parameters in Chapter 4, Table 4.6-i). The electricity
 

use and peak are needed for the costing of the RE system. The
 

customer types considered. ar this point are: households, irrigation
 
tubeweils, rural Lndustries, and commercial establishments.
 

Illustrative analyses of these customer types were performed as
 

described in Appendices D, E, and F which were based on tne data 
available wichin tne schedule and resources of this study. The 

benefit estimates are based on willingness-to-pay analysis using cost 

savings and consumer surplus approaches based on the following types
 

of data described in the Appendices:
 

- Tubewelis - basic approach is the cost savings between electric 

and high and low speed diesel pumpsets; see Appendix
 

E (the operating costs and levels, efficiency levels
 

and energy prices need refinement).
 

o 	 capital costs for diesel engines, electric motors, and pumps
 
based on communications with manufacturers and suppliers.
 

o 	 operating levels or annual hours of operation were based ou
 

the District Master Plans, other reports (e.g., Ref 119, 49,
 
26, 131, 126, 133, 156, 177-179), meetings with
 

agriculturalists and agricultural engineers and
 

professionals, and examination of agricultural practices.
 

o operating .and maintenance costs based on case studies from
 

District Master Plans for Electrification (e.g. Refs 148,
 

150, 	160, 161 and others) and tubewell studies (Ref 17).
 

o 	 energy, pump and discharge efficiency levels from ENERCON
 

agricultural sector work (Ref 140); in the future these data
 

can be refined based on currerLt ENERCON work. 

o 	 fuel prices based on team estimated rural market and economic 

prices
 

- Rural Industry - basic approach is the cost savings between 

electric motors and hign speed diesel engines
 

(see Appendix F).
 

o 	 same data sources as used for irrigation tubeweils.
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Household and
 
Commercial - basic approaches are (i) cost. savings from 

kerosene lighting and (ii) 'onsumer surplus 
based on estimations of current use and payment 
levels; see Appendices C and D (much of tne 
basic data needs confirmation from survey work 
which also examines income level and regional 
variations). 

o 	 kerosene use levels and prices are based on team estimates (see
 
Appendix C) using household expenditure data (Ref 130, 141),
 
international data (Ref 88), and study team kerosene lantern use
 
tests as previous estimates for RE analyses were inconsistent with
 
national use figures.
 

o 	 basic electric lignting levels are team estimates.
 

o 	 electricity use for additional lighting, fans and other appliances
 
are based on the RE District Master Plans, pretest results from team
 
survey, team estimates.
 

o 	 willingness-to-pay based on existing tariff and initial connection,
 
wiring and other costs and not on any actual survey work (team
 
survey results will be available in July).
 

Given the importance of the above data estimates and the lack of a large
 
body of consistent data, ongoing work revising these analyses is clearly
 
needed. A program for this cevision is also presented in this cnapter.
 

The unit customer coefficients developed on the basis of the above data
 
are applied to tae total number of customers of each type in the village.
 
Because of the approximate nature of the basic data that is currently
 
available, various types of detail (see below) are not 
judged to be worthwhile
 
and are not-varied or included in the analysis. When the databases improve,
 
such details can be considered. Some of these details are: projected customer
 
growth rates, annual use increases for connected customers, regional and local
 
variations, and income level distinctions. Furthermore, once information on
 
the complementary investment nature of RE is analyzed, a basis for capturing
 
the future growth catalyzed by RE in a setting of other investments and
 
conditions may be established. In addition, estimates of customer penetration
 
rates do not need to be incorporated into the analysis because the recommended
 
customer connection policy is to require very high penetration levels.
 

RE Electricity Cost Estimazes
 

The cost side of RE involves estimating the following components:
 
customer connection, village distribution (LT and HT lines and transformers
 
within the village), and area distribution (HT lines and substations
 
connecting villages with the grid). As presented in Chapter 4, average unit
 
costs 	were developed.
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For example, the connection costs used are Rs 1,200 for households and
 
commercial establifments, Rs 9,000 for rural industry, and about Rs 40,000 
for tubewells. Fur the village distribution, an average cost of Rs 2,500jkw 
demand at the village level assuming a village coincidence or diversity factor 
of 0.35 was 'sed. For tne area distribution, unit line costs per k'iometer 
were. estimateci based on market costs. All of tnese costs were based on 
currenL i-r uc aI equipment prices and co[IStrUCtIron costs under current 
t echilcal iu,inciards aid design approacnes. These prices, costs, stanuards ana 
appr'ic'nei.' wl .: ,n o seuet LL' new unit dOsrt Li6UreS will need co be 

So ntinua l.:, evc: u,pcd. 

Ihe e:iicerea., mrer-aL:; iud Labor required to create rhe total and 
average cost escttat's are based on revising and updating r:ae work done in 
several i a u.t .ict :.a 'ter Plans for eLect rificatija. 

The b):!sess r cost rreducti ans are desc ibed in section o.4'. 3. 

in tae vllage sa;Lecrin procedure, only une RE costs are used. The 

generation and transmiission costs are not included in order to simplify the 
procedure for ease or use. The exclusion of G&T costs has one drawback in 

that the differences in these costs due to different Load factors is not
 
captured. Given the lack of detailed information on this subject, it is 
judged that Lhe ease of applicar ion gained is more important. On the other 
hand, it is mpor tant to note thar G&T costs are included in the work on 

mariffs. 

V i l ge ,Y'dL Demog rap iJ __i 

On the RE cost side, besides tbte unit costs, the other major input to the 
costing of Ri area distribution In the area exercise is the specific spatial 
locacion of eacn village. This location is not simply a distance from the
 
grid but the pnysical Location relative to other villages as well. This will
 
clearly require detailed maps of all rural areas. For the case studies, such
 
maps were availabie from the District Master Plan work done for WAPDA (e.g. 
Ref 160 and .I). 

On the RE benefits side, the total benefits estimations are based on the
 
number of total potential customers for each type. Therefore, for each
 
village in the case study in Chap.er 4, data on the number of customers are
 

based on the District Master Plan and when needed, estimations by the study 
teani of toe relamionsnips between population and the otner cusLomer types 
based on the master plans.
 

National to District Investment Budget Alocation Basis 

To determine the RE investment budgets on a district level, the 

illustrative allocation procedures described in Chapter 4 use a number of
 

aiternative parameters whose accuracy and availability will require further 
work. The candidate parameters for the allocation of the national budget to
 
the provinces are: population, rural population, non-electrified rural 
population, non-electrified villages and/or settlements, and low income
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populatiun. The sources for these data are the RE program reports and various
 

census reports. For the allocation of the provincial budget to the districts,
 

a combination of a population based parameter and a development level index is
 

suggested, and the procedure needs to be developed wi:h policy makers. The 

iOUrce for I li.ustrative development index is the work of Pasna and Hasan 
Ref 453) wnicn -s partially presented in Appendix 1. 

Intensif ica tlon 

The selection of viliages for intensification of electrical connection or 

"backfill" requires a database of the current level of electrification in all 

villages. in cnis study it is suggested that, for the next tnree years (and 

then to be revised), 50% of the RE investment budget be allocated to 

intensification because f its cost-effectveness and equity as discUssed in 
Chapter 3. The selection criteria for these villages is the same as for new 

villages as described in Chapter 4. Therefore, tne data bases anu seeds are 

the same as cnose outlined above. The major difference is that tne number of 

potential customers is based on the number of chose that are scii 

unelectrified racner tnan rne total village population of housenolds and ocher 

customer types.
 

As-Built Distribution A.aps 

For the case study in each province, the maps for the as-built
 

distribution systems were taken from the existing RE District -,ascer 

Plans.
 

Least Cost DistribuLion Expansion Plans
 

For eacn provincial case study, a least cost distribution
 

expansion plan was developed by the study team. This plan took into
 

account the transmission line configuration, locations of grid
 

stations, choice of primary voltage and phase options, optimal
 

equipment, sizes, and ocher cost saving measures. Alternative network
 

configurations were studied and the least cost configuration was
 

adjusted on the basis of voltage drop studies, costs of capital
 

investment, and technical losses. The conductor selection for the
 

primary system was optimized by minimizing cost of capital and energy
 

losses to meet the required voltage quality.
 

6.4.2 Tariffs and Subsidies
 

Willingness-to-Pay (WTP) and Abilicy-to-Pay (ATP) Escimates
 

WT estimates are used to consider possible tariff cnanges while 

ATP estimates are needed to understand the possible reactions. The 

WTP estimates are the gross benefit estimates discussed above in 

section 6.4.1 and used in tne analysis presented in Chapter 3. To 

support the recommendation to move cowards full recovery of rural 

electricity 
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supply costs, the ATP is used. For rural industry, commercial ana
 

irrigation tubewell customers, their financial WTP estimates are used 
to indicate their ALP. For the households, the ATP is based on tne 

1984-85 household expenditure survey (Ref 141) and the percentages of 

LIncome spent on energy and discretionary expenditures. 

ar-If s 

The current tariffs are based on tne July 1987 WAPDA Scnedule of 

Tariffs (Ref 134) anoA the historical record of the fuel adjustment 

surcnarge (FAS) in che 4APDA Power Statistics (Ref 57) Appendix .','Li. 
For this stud' an average FAS for 1987 of about 0.22 Rs/kwh was used. 

Demand Paccerns 

The aemand pdaterns necessary .o estimate the electricity supply 
costs or servi.ng different customers and consequently the appropriate 

tariffs in tais sCud ' 7 are: kwn/year, peak kw demand, annual load 

factor (based on the kwh/year and the peak kw), and peak coincidence 
or diversity factor. Each of these factors was developed in 

Appendices D through C for the analyses presented in Chapter 3 using 

the data described in the village selection section above. Table 

4.6-1 in Chapter 4 presents the gross benefit values used, and these 

estimates Lntegrate much of the data on demand patterns presented in 

the customer-related appendices.
 

The suppl.y costs are very sensitive to these factors and 

consequently need refinement and continual monitoring. Although not 

covered in this study, it will. be useful :o understand the degree to 
which different customers' demands can be managed so chat 

interruptibLe tariffs can be designed. 

Financial and Economic Costs of Total Electricity Supply 

The total system costs are used to estimate how much to charge 

customers based on how much it costs the utility to serve them. In
 

addition, these costs are used to estimate the utility's need for any
 

transfer payments from Government and whether the utility and/or
 

Government is subsidizing/taxing some customer types.
 

These data are the same as tiose described under section b.4.1
 

above with the major addition of including the generation and
 

transmission (G&T) costs. The estimacion of financial and economic
 

G&T costs is described 1.n Appendix B and summarized in Section 3.2. 

The study ream made its own analysis as current estimates were iot 

available. d&T costs were estimated to be: (i) a capacity or fixed 

chtarge (economic - 30,000 Rs/kw-deiivered and inancial - 5,200 

Rs/kw-delivered) and (it) an energy or recurrent charge (economic 
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0.61 Rs/kwh-delivered and financial - 0.245 Rs/kwn-delivered). The 
financial estimates are based on the WAPDA Power System Scatistics 
(Ref 57), 
and the economic estimates are based on cne JqNDP/Worid Bank 
Power System Planning exercise (Ref 175). Since G&T :osts form a verv 
large percentage of tocal electricity' costs, iL req,jirs .:ore !etalied 
analysis tnan was feasible in tnis scuay. 

6.4.3. Technical Soecificacion, Design Parameters, and Cost 

Reductions
 

Current UE :ecnnicai specifications, design parameters usea in
 
developing tne basic RE costs estimates are based on current W'APDA
 
regulations. The Information sources tisen 
 are: WAPDA price bulietitn, 
latest ',4'APDA purchase orders, ,;APDA Power Statistics, prevailing 
market prices, 'APDA zecnnicai 3pecifications for Li kv, 33 .', inc 
0.4 kv lines, '.;tAfDA design criteria for distribucior. lines. 

The bases for deveiloping the suggested alternative specifications, 
parameters, and costs are: data from other countries both developing 
and developed, market prices for alternative equipment, new
 
engineering design work specially undertaken 
for this study, and
 
extensive costing of alternative system designs. Appendices TI
 
through T6 along with the supporting studies present the data used in 
cnis work. it is important to noLe that the more important basic 
inputs to the technical design work are not the equipment information
 
but the development of 
aumero,s alternative system configurations
 
enclosed in these Appendices which were subjected to technical and
 
cost analysis. The data from ocher countries were largely from the
 
ADB Regional iRE Survey (Ref 25), personal communicacions, and team
 
experience.
 

Overall, the 
data bases for this study were numerous and disparate
 
as 
tnere was not unified and complete ones available on RE. The data
 
collection effort included meetings with many WAPDA and 
AEB officials,
 
federal and provincial government staff (such as the Energy 'ing of 
the Ministry of Planning and Development and the Punjao Department of
 
Planning',, USAID and PTAT staff, and World Bank staff. 
 See Appendix A
 
for a litr- of personnel met. Furthermore, an extensive 
library was
 
collected and reviewed for 
this study; see the Bibliography. This
 
collection includes a wide range of GOP, WAPDA, USAID and otner agency
 
reports on Pakistan as well as significant coverage of RE in ocher
 
developing countries.
 

b.5 Summary 

The long-term objective for WA.PDA will be the escablishment of an 
integrated data base. A crucial component of this daca base wi11 be 
a comprehensive village/settlement data base. To this end, basic data 
need to be collected for -ll of the villages/settlements in PaKistan. 
Many of tnese data are already available in computerized format and 
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need only co be adapted Lo E planning use. Other data must .e
 
collected using surveys, maps, and secondary data iources.
 

An eXtens, ive i.st Ls .ncluced .n this Chapter )n te reau~ r
studLes, preparatorv work, 3nd data base deveiopment Lv..es
ac :nat. 
are requO.red over LIe :eX.L Wev'Je :aontats. £hev are Lisl te by r orri:",
(wuthin the first 3--. Tonr:,s *i tle PLan; 'itnin tne flrst 3-' ontns; 
and WitLln Ine fLirsc ;ear and nc.lude: 

- Project ImplementaL ion itL'tOjicspreparaLory ','orK, Jraer2nd Ln 
to )egLin tle pLaII; 

- Tecnnical ma 1tcost nanuai ore j) ,r on; 

- Area planning ]e-sLgn and se~cct ion procedure, including :ae 
preparation o i porejinimnarv irea planning and village selec:Lon 
manual; 

- Development ,of vl iage speci ic rural electrificacion expansion 

planz for 720 villages immediamiy and 5000 villages during the 
first year of the plan'; 

- Collection of ,eograpnic and demographic village/settlement
 

informatron, including tne :,apping )f iil grid stations, teecers,
 
and SetLiemenrsL v ilages.
 

- impmenatiion of extensive benefits and t-ariff studies; and 

- Studies of ne technical equipment options that were discussed in 
Chapter 5. 
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Chapter 7
 

Implementation Strategy
 

7.1 A 	Perspective on the Implementation Strategy
 

The implementation strategy outlined in 
this Chapter is designed to:
 

(1) 	 Provide a fast-start to the program;
 

(ii) 	 Ensure the commitment and participation of the newly appointed 
managers at an early stage and to fani liarize them with the special 
requirements of rural eLectrification;
 

(ilii) Have cthe new organizati on and advisors In place at an early stage 
and ensure that a strong vigorous initiaI thrust is provided. 

(iv) 	 Have the new styl¢e RE prosramn fuLly operational by 
1990.
 

The present target date for completion of the review and approval of 
the
 
Master Plan is by the end 
of July 1988 and thus the implementation date is 
deemed to be starting from August 1st. 

The var1'us proposa s out lined in this report when aggregated represent a 
major step-change In the policies, attitudes and organtzatLion structures for 
RE, particularly in WAPDA the executing agency and also in the Government of 
Pakistan. This change must be considered In the real it of the present 
situation in WAPDA and In 	the context of:
 

L. 	 the ongoing c,)rst rucL Ion, operation, maintenance and adm. nistrative 
programs i the total system; 

2. 	the generation and transmission expansion programs; and,
 

3. 	the USAID-WAPDA Distribution improvement Program.
 

The capacity of WAPDA to absorb 3nd implement a further program of this
 
magnitude (as presented in the earlier chapters) must 
be carefully considered
 
and an Implementation strategy developed which will ensure 
that the program is 
effectively carried out. As outlined 
In Chapter 2 it is thought that
 
considerable external assistance, both Pakistani 
and expatriate, will be
 
required to support the new organization at the beginning and eventually 
to
 
ensure it will have the indigenous capacity to continue to implement and
 
improve the new arrangements.
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7.2 The Logical Sequence
 

There is a logical sequence of steps which should be taken to 
ensure the
 
orderly development of the total change program; within this 
framework
 
priorities can be established. These priorities can arise due to the
 
necessity of immediace action to 
be taken on specific activities and/or where
 

-nt imn-studiesor
actviies should- be, undertaken n-order -to:-
provide an impetus and driving force to 
the overall change program.
 

There is also the necessity to avoid a period of relative inaction during

which the various elements are being put in place and overlap with the
 
existing systems. 
 It would be desirable that the main proposals be
 
implemented (on a preliminary basis) on a portion of the RE budget for
 
1988-89. The prelimir~ary guidelines and procedures could be developed within
 
two to three months and would be available in time to be used as the basis for
 
executing part of the second half of the FY 
1989 Government financed RE
 
program, perhaps 50 percent of 
the second half (or 25 percent of the full year

program). If 6000 villages were to be electrified, this would involve
 
approximately 750 villages 
to be electrified and intensification/backfill in
 
at least another 750 already electrified villages. In addition, the
 
preliminary guidelines should be the only 
basis for executing any and all
 
externally financed RE programs.
 

The short-term Lmplvmentation program may be summarized as follows:
 

L. By October, 1988: Approval of 
new REO positions and appointment of new
 
personnel.
 

2. By BeginnLng 1989: Completion of RE intensification program development,
 
preliminary area planning manual for RE expansion, and
 
preliminary technical instruction manual.
 

3. By the Lnd of March, 1989:
 
Selection and work plan for the electrification of new
 
villages, and the development and implementation of a
 
work order procedure for selected projects. Also,
 
arrangements for overseas training and procurement of
 
expatriate advisors should be complete.
 

For the other portion of the Government financed RE program, the selection
 
procedures, costing and planning approaches used during the period prior to
 
the accelerated program would continue 
to be used. Thus until the interim
 
guidelines are extended to applications throughout the system, the Province 
specific selection procedures will be used (by the Provinces and WAPDA) for 
the major portion of the Government financed program. This portion would be 



75 percent in tile first year and rapidly declining in subsequent years as
 
Indicated in the discussion herein.
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The prior proceures 
were discussed 
In some detail
report for this in the initiationMaster Plan (Ref 30).

selection criteria are 

These prior village/set Kement
Province specific, but
numbers of households) all involve population (orand distance to the grid anddistance crterin ini some casoq ma imurrare set. 
 CotLt .tied ruse of these criteriatfrthe Government a p)ortioi offi nanc ed RE pr,,gram would be .a itransit.ion phase (d 
Ira ,) phiase i.arly i: thfipriur oLany trarinLg

availabilit'y iL te new i-,ocu.dur.,,of the preIliinirary. guide lines) efforts 
or ih, 

should
familiarize be madekey Pruvincial toand AEB staff with the concepts of theapproach. This cou he oewld accompl ished by disseminatingreport, in sections otf thispart icular Chapte 4'which gives an example of the
applicat ion, procedure
to these key staff. 
 Their consideration of
heighten their Awareness of the example canthe 

defining 

importance of cunsidering relative
area d1istributtorn options location inand may inftiuenice their choice oi technical.
options for electrifQ,,ing vi1lages

distance 

selected under existing pUpulatlun
criteria. and
Also the distibution ofprocess of frirnillarzI this Material na begin theg these staff with the principles of sel.ectLeconomic ranking. Such transition efrorts 
ion based on 

will help the longer termimplementat ion 
of th prog ram. 

There are 
tour nal n stages in the implementar ion proce;s: 

A. The priority work as outlined above and 
in Section 6.3
procedures and to apply the new
guidelines to approximat ly. 25 percent offinanced the Government(and 100 percent of the externally f i ranced) in the 1989 RE
budget.
 

Bl. The instoltait ton of the new organ zat ton structures and the appointmentand iiduct it of tile new managers. 

C. Tihe inat ia 
 srages 
of the design and impnlementatLon of the
and procedures including new systems

staff communication and 
training programs.


D. The consolidation of the new organization and 
new systems into the 
ongoing work in 
the distribution function.
 

In the 
early stages external assistance will 
be necessary to:
 

I develop the preliminary guidelines and procedures on
technical 
design parameters, 
the
 

the economic parameters and 
the
area 
planning and village selection criteria;
Ii. to assist WAPDA at and,

the field division level 
to nominate areas
for village/settlement 
survey, canvass, design costing and final
 

select ton.
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7.3 Imp LumenI L on SLeps 

The fol I)wing steps are necessary to initiate the program:
 

(1) 
 WADA to obtain GOP approval for the 
new senior positions, as
 
out LIned in section 2.4.
 

(2) WAPDA to appOtlnt the six 
senior managers Cor the 
new Rural 
glecLrifilcatlon Office (REO). 

(3) A preLininar> program is prepared for backfill/intensification in 750 
existing electrified villages.
 

(4) A preliminary area planning manual is developed to enable WAPDA and
 
the Provinces 
to prepare projects for 750 new villages to be
 
eLectrified under Governent financing, and otlhr vill ages to be 
electri fed under USAID financing in the current 
year.
 

(5) A preiiinUlIrv Lechnical instruction manual is prepared for Lhe "New"
rurail network coufiguraLiol detailed in Chapter 5. 

(6) The new viliages are designed and costed, and 
cost/benefit indices 
prepared based on the preliminary criteria developed in 4 and 5
above. This activity will Involve both WAPDA and the Provinces.
 

(7) 
 A work plan is Lhen prepared for 
the specific program of electrifying

the villages selected on this new basis by the provinces.
 

(8) Preliminary work order, project supervision and control arrangements

compatible with those designed by the PTAT 
team are developed and
 
implemented for these selected projects.
 

(9) Terms of reference and requests 
for proposals are prepared for the
 
procurement of expatriate advisors and local consultants (as needed) 
for the new RLO. 

(10) A training visit program is prepared for the 
new managers in REO to
 
visit five to 
six selected utilities worldwide to examine the Rural
 
Electrification facilities in different countries.
 

There are a 
number of other studies and preparatory work (outlined in
 
Chapter 6) which are essential:
 

o to support the other major policy reforms needed- finance, tariff and 
connection policies etc.; 
and
 

o to mudify the preliminary guidelines and 
manuals by the earliest
 
possible date.
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Steps I to I0 above should be undertaken in the first phase of the 
implementation program. 
A work plan (prepared by 
the new WAPDA managers and

consultants) would be 
completed 
tu cove tie balance of the studies. This
work plan for the studies should be prcpared at the earliest date and this
plan could allow some o[ the more 
 critical studies beto lone at the same Lime 
as the first phase work is being implemented. 

In addition, it will be necesSry LOo mpement.I follow on area planintag
program for 3000-5000 vi!Lages/setiLemUnts to have a 	 sU icient numbe r if wellplanned, designed and costed projects available for financing consideration 
by the various international funding agencies. 

7.4 lmp lementatItoi ScneduiLe 

A schedule of the implamentitton of the 	 steps described above is 

(i) 	 Steps 1 Qdpprovai or new positions) and 2 (appoitmeit of personnel)
 
are to be Completed by the end of October, 1988 with all new managers
 
appointed. 

(ii) 	 Steps 3 (program for RE lnct,,sification), 4 (preliminary area planning
manual for RE expansion) ara 5 (preliminary instruction manual) should
norrally follow sequentially after 2 (appointment of personnel) but as 
outlined at the beginning of this chapter, it is considered desirable
that these should also start in August or September and be implemented
by a specially selected WAPI)A Task-force working in conjunction with
the consultants In order to nave these three steps completed by the endDecember. This exercise could re done on a basis somewhat s iTilar to
the ADB financed RE project using multipl.e consul tants but with uniform 
prescribed systems and procedures. 

(lMi) 	 Steps 6 (selection of new villages) and 7 (work p lan fur
 
electrification of 
new villages) would be 
done by the same team as

above but within the new REO organization and with the full 
participation of the new management team. 	 This work is to be completed 
by the 	end of January 1989.
 

(iv) 
 Step 8 	(work orders for selected projects) would be done in parallel

with steps 6 and 7 above and would also be completed by the end of the
 
first quarter of 1989. 

(v) 	 Steps 9 (procurement of expatriate advisors for the RED) and 10 
(overseas training and visitation program) wouvd be completed in

parallel with steps 6-8 above and all 
these arrangements also finalized
 
by the end of January 1989.
 

In order to achieve this 
10 step program, consideration must be quickly
given to the appointment of short term consultants so that this program can 
commence by the indicated date. Any slippage at 
this time can delay their
 
program into the next financial year and also lose much of 
the impetus and 
urgency that 
has already been established.
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:,oplrumoc
To ,local equipment manufacture and to' minimize delays in thei' 

ifngs wihlclidsr hudbe,held :as soon :as 
-possible.i
 

:;'It:7 wol e niiatdta the ini'
-house ~iadvisors :would b~eon-site by :Iisc
 

:i;,ii~~~i.)% che first major cask of th~e
prili 1989 .and newi organi:zatdion: and: their ad viso-rs
 

De::i cembuer L90Theseue plnin tim
ongon -ndponh sltsTi wr-panwol
 

(I h non plnnn and r ,cmaniagement of the electrification 

prug rain; .
 

(ii) -Preparing che der-ailed 
systems and operatIng procedures for all i,:
 
, aspects of thu rural electrification prog'ram; and,
 

" (iii) Appointing, inducting and training the staff fur the new il
 
organiz-atrion.
 

~~This 2L-monci, plan would cover the implementation and completion of all,.
,,
 
the studies listed in this report and the finalization of .all systems,
 
guidelines, standard operating procedures and instruction manuals. I wl
also Include details of the training programs to familiarize staff on the:.. ~il;!i
 
operation of the new procedures.
 

7 .5 .Summary-" ". . . . . i:
 

:
.,".: (i) Provide a fasc-start to the program; , :"
 

::';". .(2) Ensure the commitment and participation of th el Jpointed:. ,
 
managers at an early, stage-and to familiari.ze them :with :the special .
 

,i , requirements of rural electrification; ...
 

.," (3) Have the new .organization and advisors in place at an early stage::::~ iiand,.,
 

.... .ensure 
 cthat.a vigorous' initial thrust is provided; ad
 

.:):,"When: agrgtdit oa 
 ln he various ,proposals:made represent-'."j
 

. :iingeschi; in Government, policy and WAPDA operations.:, The ::realities: of t:he :i- i)
 

" " :: effectively i , ,
p'resent work-load_in WAPDA and-its: capacity to undertake arnd 

.- i. mplement this program must be considered. ..,,," !:i..!,i
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It 	is proposed that external assistance will be necessary to help the new

REQ and other, WAPDA staff, comprised of short-term consultants which could be 
appointed immediately todevelop and 
implement preiLmLnery guid lones 
 n

procedures and Instruction manuals to plan, design, selectuandiconstrut ruraL 
projectsin the "New" fermat. The short-term consultants will heLP to set up

the new organizacion, work with the new managers and help 
them to prepare
 

in 	 hands-on counterpart .roles. 

Thle program requires an effective Implementat ion strategy 
to ensure that
 
the short-term priorities are addressed, that issue having a longer-term

perspective are initiated and that the impetus already gained 
is not Lost in a
 
period of relative inaction. Arising from the detail of 
the studies and
 
analysis outlined in the report it is now evident that an immediate program of
 
implementation can be started based on preliminary manuals which 
can be 
quickly provided. 

It 	is proposed that 25% of the 1988-89 budget for rural elecrifgcation
should be earmarked forimplementation under thenew procedures. This program
would comprise 750 new villages and intensfication/backfil of at least 750already electrified villages. Additionally it is considered,-that all projects
proposed for funding by the international development agencies would be 
planned and designed using 6 nly the new procedures. There are four main 
stages in the implementation process: 

A. 	 The priority work as outlined above and in Section 6.3 to apply the new 
procedures and guidelines to approximately 25 percent of the Government 
financed (and 100 percent of the externally fJinaiiced) 1989 RE budget. 

B. 	The installation of new organization structures and 
the appointment and
 
induction of the managers. 

C. 	 The initial stages of the design and implementation of new systems and 
procedures including staff communication and training programs. 

D. The consolidation of the new organization and new systems, Into the 
ongoing work in the distribution function. 

It Is proposed that stages A-C can be started immediately and completed by
the end of March 1989. Stage D would be planned for implementation in the 
period April 1989 to December 1990 and a detailed implementation plan for this~ 
phase will be prepared by the new REO manager in the period January 1989 
to
 

S ,.March 1989.
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Append ix A " 

Meetings by the Rural Eleccrification Study Team
 

A. COM.ME1TTEE MvEMBERS 

Shanab-uid-Din, Chief Engineer (DLScributLon) Planning, .APDA, 
Convenor
 

Muhammad Ziauddin, Member AC, 
Abdul Aziz Sheikh, Addl.Secy. (Power) [&P Dept., Sind 
Abdul Jalil Mognal, Addl. Secy. P&D, Peshawar 
Zaffar-ud-din Shei t!n, Chief Engineer (Power), Irrigation and Power 

Department, Punjab
 
Asghar Aii, Chief Economist, P&D Dept. Quetca
 
Capt. Ali Zaman Khan, Deputy Engineering Advisor-Power,
 

Ministry of Water & Power 

B. COMMITTEE MfEETING ATTENDEES 

M. Yunis Marwat, Dir Tech AEB Peshawar
 
Noor Ahmed Menghal, D.D. (ED) AEB Quetta
 
Mahmood Mohyuddin Khan, Director Tech G/
 
Mohammad Arshad Chatha, SO(RE) I&P Department
 
Muhammad Saeed, A.D. CED
 
Riaz Ahmad, Dir. Planning Power
 
Muhammad Yunis Khan, Dir. Technical AEB Islamabad
 
Manzur Ahmed, Director (Tech) AEB Hyderabad 
Atta-ur-Rehman Khan, Director Planning (Power) WAPDA
 
Muhammad Izhar-ul-Haq, G.M. Planning (Power) WAPDA
 
Abdul Latif, Exec. Eng. WAPDA Peshawar Rep., CAEB Peshawar
 
lqbal Ahmed, Chief-Water & Power, P&D, NWFP
 
Haroon Rashid Toosy, CE, Irrigation & Power, Punjab
 
Farhan Sabih, Assistant Chief-Energy Wing
 
Muhammad Eshaq Khan, Director (Standards), WAPDA
 

C. WAPDA 

1. M. Ayub Sadozai, Member Power 
2. Wassem Khan, Managing Director Distribution
 
3. Shab-ud-din, Chief Eng. (Distribution) Planning
 
4. Ghulam Farid, General Manager Operations
 
5. S. Qalb-1-Hassan Bokhari, Director (Statistics) Distribution 

* Includes chose mec during both the Lniciation (January, February 1988) and 
Maocer Plan Revision (April - June, 1988) periods.
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n. A.A. Legnari, :.c. :DrifbutiLU and Consr:.ucZirn 
7. Ishaq Khan, Dir. Disc. Design and Standards
8. -. Nawab Khactak, Gen. Manager Customer Service 
9. 	 Munawar Ali Khan, (X'Lef Systems Analyst, Headquarters
 

Computer Cencec
 
L.0. Abdul 3ari 'ureshi, Dicecuir Customer .ssiscance 
Li. Sheikn -Ieraj Alamad, Director General, Commercial
 
L2. AEB Gujranwaia
 

I . Saj d Masood Q'uresni, Chairman 
II. Manscur Hussain, Dep. Dir. Commercial 
ii. 	 C.D. Khokhar, 5.i. Sheiknupura 

iv. Abdai Ghaeoor, Dep. Dir. ?Ianning 
. :Ih. Motlyuddihen, Dir. Tecnnicai
 

vI. ,.S. Naeem, S.E. S1.alkoc
 
vii. >. Saleem Knan, S.E. Ist Circle Gujranwala
viii. Mh. Yousef, S.E. 2nd Circle Gujranwala 
ix. 
 Abdui Mtazood :Ansari, Dep. Dir.(Eiectr1c Plants)
 
x. Mh. Anwar, Chief Programmer- Computer Center
 
xi. Ahmad Kansar Aghan, Chief Data Control- Computer Center 

D. Energy Wing 

i. Ashfaq Mahmood, Chief (In Charge)
 
2. Mohamed Zia-ud-Din
 
3. Farhan Sabih
 

E. Other Government of Pakistan
 

I. Sema Hafeez, Economic Consultant, Planning Commission
 
M. Akram Khan, Addicional Secretary (Power)
 

F. Government of the Sind
 

1. Mansur Hashiml, Bureau of Star. Planning and Dev. Dept (phone) 

G. Government of the Punjab 

i. Dr. Bashir Ahmad, Chief 	Economist Planning & Development Dep.

2. Zaka -ud- Din, 
 Chief 	(Water & Power) Planning & Development Dep.

3. Abdul Aziz Chaudhri Deputy Sec. (Power) Irrigation & Power Dep.

4. Abdul Hafeez, Asst. 
Chief 	(Water & Power) Planning & Development Dep.

5. Mohamed Ghulam Qadir, Senior Chief (ECA & H) Planning & Development Dep.
O. Dr. Zafar ALtaf, Secretary, Agriculture Department
7. Haroon Rashid Toosy, Director Technical, Power
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H. Goverrnment )f NWFP 

1. SuLeman Ghani, Secretary P&D
 

1. USAID
 

L. Lahore
 
L. 	 Richard Stevenson, Chief Power Dist. Div./Lahore & Pegional 

Affairs Off icer 
ii. 	 Shaukac Al Chugntai, Provincial Liason Officer
 

2. Islamabad
 
L. 	 David Jonnscon, Off ice Chief, Energy and Environment 
ii. 	 Jim Bever, Division Chief, Energy Policy and Planning 
iii. 	 Jonn A.organ, Division Chief, Energy Policy (JSKLD) 
iv. 	 Gene George, Director, Office of Engineering
 
v. 	 S. Raza Husain, Program Manager, Energy Planning
 
vi. 	 Masood Malik, Sen.Energy Advisor, Planning & Development Project
 
vii. 	 M. Shahid Ahmed, Program Manager, Power Distribution
 
viii. 	 Tahir A_1i, Deputy Program Manager, Power Distribution
 
ix. 	 Peter Davis, Office Chief, Programs
 
x. 	 Paul Mulligan, Programs Office
 

3. Washington
 

i. 	 Robert Ichord, Chief, Office of Energy and Environment, ANR
 
ii. 	 Robert Archer, Office of Energy and Environment, ANR
 

J. World Bank
 

1. Ibrahim Elwan, Division Chief, EMI
 
2. Tasa Kocic, Planning Engineer, EMI
 
3. Ragu Sharma, Financial Analyst, EMl
 
4. Mahesh Sharma, Consultant, EMl
 
5. Christos Christofides, Power Engineer, Technical Department
 

J. M.-chtech
 

1. James D. Westfield, General Manager
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L. 	 PTA-

I. 	Jim Heifner, Managing ConsultanL
 

2. 	John Andrews, General Manager 
3. 	 Miclhael Knapp, Deputy :tanaging Consultant 
4. T. 	 j. Walker, ChILef CoLIsultant P&E 

A. 	 otners 

i. 	 H. S. Beg, Former Secrecary of Finance, GOP 
2. 	 Ar. James Wolf, Director, international irrigatLon Management 

InstLICUe, Pak. 

3. 	Andrew Stone, Resideni Fellow, Internatrional Lrrigatlon Management 

Inscituce, Pak. 

4. 	 Private Consultants: 

DL7. Zanir FLkri, Ftkri Associates (FACE)
 
ii. A Munis, Fikri Associates (FACE)
 

;ii. Z. D. Babar, Fikri Associates (FACE)
 

iv. M. Saeed Shamsi, Chief Executive, Potential Engineers
 
v. Eng. Hasan Javed
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: pectr,'qayes "- " : -:. 

-. chriScopner .aFarge 
g.Lionel '1aiscre 

h. iecer Rogers 
i. Douglas V. Smich 

B. Support 

a. Anthony 3ole 
b. Gary Fradin 
c. Mohamed Hanif 

2. Fikri and Associates (FACE Lcd), Consulting Engineers, 

A. Professional 

V 

a. Zahir Fikri, President 
b. H. A. Munis 
C. Zahir ud Din Babar 

d. B. A. Azhar 
e. Abbas Ali 3aig 
f. A'Sad Ali 
~.Razi Bashir 

h. Saif Ali 
1. Nawaz Nasir 
j. Hafiz M1. Hafeez 
k. :4'ohamed Ismail 

" 

B. Support 

4 

a. Ertfan Qadir 
b. Tous~eef Ahmd 

C. nayat !La 
d. Javed Ahmed 

- sun Bashir 
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APPENDIX BESTIMATION OF THE FINANCIAL AND ECONOMICCOST OF ELECTRICITY, GENERATION AND TRANSMISSION 



Appendix B 

Escimacton o~f the Financial and Economic Cost
 
of Eleccricicy Generation and Transmission
 

The purpose of cus part of rhe analysis is ro estimate generation
 
and rransmission (G&T) costs for rhe financial and economic analyses
 
or dI fterenicustome r and-vllage- types. Because rural areas rend to
 
nave ow load factors, and G&T is particularly capital intensive in
 
Pakistan, the costs of elec tricity are detailed by capacity and energy
 
(variable) costs. The capaciry cost reflects rhe fixed cost to meet
 
the peak MW demand for electricity and is, therefore, expressed as Rs
 

' 	 per W peak during the system peak period. The energy costs are the 
variable system costs that are a function of the level of kwh use and 
is expressed as Rs/kwh. It should be noted that the term "energy 
costs" is used in this work to cover all variable or recurrent costs 
sucn as fuel and O&M. 

While this approach of estimating capacity and energy charges
 
addresses the load factor issues, it does not directly address the
 
differences in the costs of electricity between peak and off-peak
 
periods. The costs resulting from this analysis are weighted averages
 
of the peak and off-peak costs. Estimating the LRMC for peak and
 
off-peak electricity is beyond the scope of this study though it
 
should be part of future rural electricity planning along with
 
detailed secroral peak coincidence analysis. In any case, for this
 
study the last: part of this appendix presents estimates which were
 
used in sensitivity analyses.
 

Financial Costs (historical basis)
 

As an introduction, it is useful to distinguish between two
 
general approaches to estimating the financial cost of electricity:
 
historical accounting data and replacement (or expansion planning)
 
d ar. The financial analisis on.;h ich tis work 1s based is on h
 
historical mippcea4-wlich is 'wL'rht n tie data presented by 'APDA
 
in.Power System Statistics - Twelfth Issue (Ref 57). The historical
 
approach tends to produce lower costs because it does not capture the 	 A 

effects of future inflation of supply costs and the increasing
 
marginal cost of power generation as lower cost options are
 
exhausted. This approach provides a lower bound on the financial
 

A : costs of electricity. 

Table 	3.32 of WAPDA Statiscics (Ref 57) provides much of ne basic 
A: data for 1987: 

Cosc/k16wIL generaced kpL~)
 

Generation '16.7
 
Transmission 2
.6. 
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Losses at eacn of these levels 
over 
the recent years have been about:
 
2 percent at generation and 9 percent for transmission VTable 3.30,
 
Ref 57). These data would be SuffiCi'en to generate an average cost
 
for generation and transmission of nearly 37 paisa/kwh:
 

= 3
( [2't.7/.96) - '.2 ) .'i o. 7 

if average istrLibuctin losses of 9 percent are assumed, te G&T cost 
delivered to te custoMer becomes about 40 paisa,"kwn. 

For this work, a more detailed approach 
was taken for estimating
 
both capacit' and 
energy charges. This was done by first estimating
 
the energy cost based WAPDA data fuel 0&M and
on for and costs, tnen
 
estimating the capacity cost as the 
difference between 
tne total 
average cost and the energy cost. 

The fuel coso fr ne Etnehrmal pints is summarizea n able 1.23 
and the O&M' costs fir botL thermal and hyvdro plants in Table 1.22: 

paisaikwh (1986-37)
fuel for thermal: 47.8
 
O&M for thermal 
 2.2 (approx) 
O&.- for hydro : I (approx)
 

Using an average of about 35% thermal and 
65! hydro based
 
generation, the 
average energy (or variable) cost is about 18
 
paisa/kwn. This energy cost for 
the current year is probably higher 
as tne percentage of generation based on thermal plants has increased.
 

Osin 4 an average Zeneration cost of about 27 Daisalkwn and 
an 
energy cost f about iA paisa,.wn, tne amount available to recover
 
capitaL 
cost is about ')paisa. isLtog a capital recovery factor (CRF) 
of 01. ,discount rate year13 15,, 30 Life) ana an overall load factor 
of 03.7% (UNDP/Wb) Ref 175), the capital cost per kilowatt is about
 
3350 Rs:
 

3.099 * .o37 * 6700) 10.5 33q6 

This amount of 3350 Rs/kw is obviously only a very approximate
 
estimation. IA appears reasonable 
as it is below the average capital
 
cost at the cunstruc-.on of 
exIsting capacity of 3600 Rs,'k'w Table 1.5
 

largely reserve 

WAPDA StatlstLics) as this 3600 figure does not Include soy 
depreciation. However, to reflect depreciation, Iue 3350 result 
snould prooabiy be substantially Lower tMan the 30OU :1 ..r.. Wut on 
the ocher 
kw-demand 

hand, the difference should 
and oUL per kW--instaMlea as 

be less because toe 
tine SOO0 ri: re. 

350 

Me 
is per 

difference between kw-demand and Kw-nstilled ts the 
nar ia so LaC the 
cost per kw or Aemand ts about Q percent nigher 
than per k4 lnstti led. 
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Forc ransmissL.SLsOO cu -.ocai capital cost per kw can be 
estimated using chd ibov,;':as sumpt ions for the CRF and load factor plus
assuming chac O &M costs ire 7% of tocal capical costs. The resulting 
capacity cost is about 1550 Rs/kw and O&M costs are about 2 paisa/kwh: 

(.0617 * .637 * 8760 )/(0.15 + 0.07). 

In summary,' the capacity cost for generation and transmission is
 
the sum of Rs. 3350 and 1550 divided by the power Losses. Assuming a
 
5% loss, the cotal is about 5200 Rs/kw delivered to the customer.
 
Using energy costs of 18 and 2 paisa/kwh for G&T respectively along
 
with losses of 2 and 9 percent respectively for G&T, the energy or
 
recurrent costs are about 22.3 paisa/kwh. With another 9 percent
 
Losses for distribution, the total recurrent cost is about 24.5
 
paisa/kwh.
 

Since the capital cost is estimated here as a residual between 
cocal and recurrent costs, it is very sensitive to these numbers. In 
general, a range of results could be determined by varying all of the 
above assumptions. Furthermore, the same results can be produced by 
different assumptions such as lower capital costs and higher losses.
 
Consequently, sensitivity analysis has been performed.
 

Financial Costs (replacement costs)
 

The above financial costs are based on historical data, not on
 
replacement costs or a "forward-looking" system expansion analysis.

Consequently these costs are significantly less than financial
 
replacement or economic c.,sts. 
 As discussed in the next subsection of
 
this appendix, economic costs are significantly higher than the above
 
financial costs: nearly six times the capital charge and about 2.5
 
times the energy charge. Although a replacement financial cost 
analysis was not done, such financial costs are probably very similar 
to the economic costs presenced below. Part of the reason for this 
similarity Ls the lack of a shadow oremium.on foreign exchange. 

Economic Costs
 

The basic data used for the estimation of the long-run marginal
 
costs of electricity were primarily from the UNDP/World Bank, Power 
syscem Planning Study fcr Pakistan,, draft report, February 1987 (Ref
 
175. This study estimated the LRMC to be about $0.042/kwh (0.42/kwh
 
(page 82) in 1986 (when the exchange race was 16.5 Rs/t), using a
 
discount rate of 4.7%. Re-estimating this result using a 10% discount
 
race and 17.5 Rs/$ leads to a LRMC of about 0.96 Rs/kwh. This result 
does not adjust for 1986 vs. 1988 costs. The conversion to a 
discount rate was done by calculating the incremental unit costs ait 
both discount races eor the base case cash flow (page 52, Ref L73). 
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The ratio of the results using 10% and 4.7% was 1.31. This cost Ls 
similar to one obtained via personal communications with the World
 
Bank of 
0.9 Rs/kwh which was based on private sector estimates. For
 
the purposes of this study 
an average LRMC of generation of 0.9 Rs,'kwn
Ls used. Sensitivity analysis was used to examine the effects or
 
different results. The 
 base case expansion plan used is presented in
Tables B-L tnrougu B-4 at the ,nd ,of tis Appendix. Table B-I 
provided ruie demand forecast; Table 3-3 the expansion costs. 

ihe next step was to estimate thie capacity and energy charges that 
are compatible with this average cost. The capacity charge was

estimated using tile UNDP/WB work on tie base case ror expansion and
demand (pagea 27 and 52). Using tue Lime streams of the construction 
costs, 25/' of the 0&i! costs (the assumed fixed portion) and tne
 
incremental MW demand, 
 ie average capacity cost iS about
$1 4 0 0 /kw-demand at a IQ% discount rate. Using 10%', a 40 year ,verage
 
Rs 1n 1986. Using tie energy costs (fuel and 75,' of ()&il) and the
 
incremental kwn demand, the same procedure results in an energy 
 cost
 
or about 0.43 Rslkwii. "te total of cnese two numbers (.45 - .,,3 =
 
.88) is slightly Less than the above total of 0.96 because it is a
 
long-run average cost[ not a marginal cost. Another possible source 
 of 
distortion was the use of somewhat different scenarios. 

Based on this work, the 0.9 Rs/kwh cost is broken down 
approximately into 
0.45 each for energy and capacity. The capacity 
cost was converted to a capital cost using 15%, 40 years and 63.7%
 
load factor, resulting in about 25,000 Rs/kw-demand. Adjusting for a
 
20% reserve margin, this falls art the high 
end of the very broad range

of Rs/kw-installed presented in Appendix 
11.i (page 28-29) of Ref 173. 

The estimation of the transmission costs was doie by assuming that 
transmission capital costs are equal to 
151" of generation costs. This
 
percentage is probably low (however the generation cost seems high)

and is much lower than in the financial analysis (the financial 
results have a particularly high percentage). The result of about 
3750 Hs,' kw is oveC twiLce tue financial historical cost of aoout i350 
Rsikw. Using an O&M cost for transmission of 7% of total capitaL, cn 
recurrent cost for transmission is about 4.5 paisa/kwn. 

In summary, the estimated economic capacity charge for generation

and transmission using about 
5% power losses is about 30,000
 
Rs/kw-demand delivered 
to the customer: 

(25,000 + 3750) / (I - 0.05)
 

rhe estimated economic energy charge is about 55.4 paisa before 
distributLon losses:
 

(45/0.99 + 4.5) / 0.91 
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With 9" disc tCLr L )n .),es, cn mt gy cnarge aecomes about 61 
paisa/kwn. Sensitivity Inai'.iLs .nvivling these results will be 
performed. 

The Lmoortance or Iaving deveiju)ed both capacicy and energy 
charges can be seen by comparing the difference between the system 
average it a Load factor )f -3.7 percent and the rural system at 
Load factor )f '3 :)ercent. Examiaing only generatron with capacity 
cnarge of 25,000 !{slkw and energy charge of Rslkw,s.5 tne system 
overall average cost .s about 0.93 : s/kwh while a rural system overall 
average is about L. o7 Rs/kwn. These calculations are based on energy 
charges of 'J.-,5!I-.02) to iccoun: f)r generation losses, and Mit 
annualized capital clarges ising lW' discount rdae, 25 'years ind the 
load factors. 

Peak and Off-Peak Economic C'osts )f Zlectricitv 

Without doing detailed analysis on the dispatch schedule of plants 
and without a power system expansion analysis exploring marginal costs 
under peak, intermediate and base load conditions, there are some 
techniques for estimating peak costs in an approximate manner. One 
method performed here is tne estimation of electricity costs from a 
peaking plant: combustion turbine using high speed diesel (HSD). Mosc 
of the basic data for this plant were taken from the JNDP/WB study 
(Ref 175): 

- Capital cost: $460/kw (in 1986$) witn 25 year life. 
- Heat rate: 3185 kcal/kwh (based on natural gas, implies 

overall efficiency of about 27-). 
- O&M (variable) costs: $ 3/mWh 

In addition to these data, the other basic assumptions ire:
 

- Discount race: L0% (capitaL recovery factory of 0.1061 for 
25 .'ears). 

- Diesel orce: DJt,;iL. .iLive r.: or L,<iLlia ,.ci. 
- Diesel price change: 1 percent increase annually (Leads to 

average fuel cost increase of 13.5 percent over the Life of 
the plant). 

- Annual load factor: 25 percent (implies 2190) hours/year). 
- Capacity reserve margin: L5 percent (Leads to 15 percent 

increase in capital costs per kw-demanded). 

Based on these data, the resulcing generation costs are: 

Annualize, capital cost: 0.027 3/kwh 
Fuel & 0&'1 cost: 0.080 
Total Generation Cost: 0.107 /kwh 

at i7. 5 Rs/: 1.9 Rs/kwn 
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Table B-i Forecasted Annual Peak and Mtntmum Load,
 
rnerv and Load Factor (Ref 175) 

PeA1.I[ond Cr. Rceq mn. Load C. Race Energy C. Race Load Fac:r'j 

Year -,,"_"__. 

1937 5,337.3 - ,994.7 - 30,336.9 - 63.67 
1988 6,)7 1 5 9.6 2,186.9 9.6 33,363 .6 9.6 63.67 
1989 
1990 

6,642Z(
7,250.3 

9.4 
9.2 

2,392.
2,611.6 

9.4 
9.2 

37,043. 3 
40.439.,4 

9.4 
9.2 

63.67 
63.67 

791 7,3? [3 8.9 2,.344.3 8.9 44,05L 4 a.9 63.67 
1992 3,53S6 L .7 3,092.6 8.7 47,888 31.7 63.57 
1993 9 ,315 8,5 3,355.2 8.5 51,954. / 5 63.67 
1994 1,0,36 3 8.3 3,633.0 8.3 56,256 .0 3 3 63.67 
1995 10O00 5 3.L 3 926.3 8.1 60,797 .2 3 . 63.67 
1996 1, 751. 6 7.3 4,232.3 7.8 65.544. , 7.3 63.67 
1997 12 660 7 7.7 4 560.3 7.7 70,614 .6 7.7 63.67 
1998 13 ,593.6 1., j 896.3 7.4 75,817 . 7.4 63.67 
L999 14', .00 6 7.4 5,259. 7.4 81,43 .3 7.4 63.67 
2000 15,6(.l 3 7.1 3 634.6 7.1 87 249.9 7.1 63.67 
200L 16 7571 7.1 6 ,032. 7.L 93 406.4 7.1 63.67 
2002 17 917 3 7.0 6 , 53.3 7.0 99,935.3 7.0 63.67 
2003 19,156.0 6.9 6,899.8 6.9 106,841.9 6.9 63.67 
2004 20 467 3 6.8 7,372 .2 6.3 114, 156.8 6.8 63.67 
2005 21 3 " / 6.3 7 87 .3 6.3 121, 393.3 6.3 63.67 
2006 23, J21 2 6.7 8 400 .1 6. 130 073.2 6.7 63.67 
2007 24,370.4 6.6 8,958.1 6.6 138,713.8 6.6 63.67 
2008 26 306 .0 6.6 9 ,547 .2 6.6 14 836.3 6.6 63.67 
2009 28 251.3 6.6 10, 176 .0 6.6 57, 573.5 6.6 63.67 
2010 30,050.2 6.4 10 323 .3 6. 4 167 603.9 6.4 63.67 
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Year Uni: IName Size (MWA-,) 


1933 Cuddu C',C 

1989 Jamsnoro 
COTU 

L990 XangLa ?-19J0 
PLpri 2 
Kot Addu CC 

Jamsnor2 2 

HuLcan - Ren. 

FaLsaLabad - Reh. 
Cuddu - Ren. L 

Cuddu - Ren. 2 

Sukkur - Reh. 

Quetta - Reh. 

Kocri CT - Reh. 

FaisaLaoad CC 

1991 TarbeLa !L-14 

Pipri 

XuLtan 

Site CC 
Low Head Hydro 2 

1992 MuLtan 

Lou Head Hydra 2 

L993 OiL Plant 
Imported Coal 

Lou Head Hydro 

1994 imported Coal 

1995 Imported Coal 

1996 Hew Hydra L 

TarbeLa 15-16 

12?97 Imported Coal 
Combined Cycle 

Tarbela 17 

Neu Hydra I 

1998 OKL Plant 

Imporced Coal 

,er'Hydro 1 

1999 Imporcea Coal 
Combined Cycle 

":dfJO 


2L:(250 

.X100 


2: . 
2x2 0 
2x300 


2x210 

4x55 


2x53 


2x102 


Lx210 

4 x12 


28 


2xi2 


2x140 

4 x4 32 


1x210 


tx21O 


Lx126 


Lx200 


2x210 


1xOO 


Lx300 

2x460 


Ix1O 


2x4 60 


ZX4 60 


4xJO0 
2x4 32 


1x4 60 

Lx3O0 


1x4 32 


2x300 

L/oo 


1x4 60 


2x300 


2x460 
Lx300 


Ex:ansLon PLan (Case L) fRef ;75) 

rvoe Fixed Addition 

Comotned C,':Le :es
 

OIL Steam 
Combuscon Turbine No
 
If'/d ro Yes
 
O1L Steam Yes
 
Combined CycLe 'es
 

OL Steam Yes
 
OLL Steam Yes
 

OiL Steam Yes
 
NacuraL Gas Yes
 

Natural Gas Yes
 

NacuraL Gas Yes
 
Coal Steam Yes
 
HacuraL Gas Yes
 

Combined Cycle NHa
 

Hydro Yes
 

OLL Steam Yes
 

Oil Steam Yes
 

Combined Cycle Yes
 
Hydro tio
 

OiL Steam Yes
 
Hydra No
 

OLL Steam NHo
 
Coal Steam ,Ho
 

Hydro No
 

Coal Steam NHo
 

Coal Steam NO
 

ydro tio 

Hydro H1o
 

Coal Steam Ho 
Combined CycLe H1o 

Hydro Ilo 

Hydra Hio 

OIL Steam, Hto 
Coal Steam ,4o 

Hydro tlo 
Coal Steam Hto 
Combined Cycle No 
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Table B-2 (Continued): Base Case 
Oprimal Exoansion Plan
 

'(~ N3merUntr. 


2000 OiL PLane 

[mmorced Co-il 


2001 	 fooc-ed CoaL 

20UJ 	 {OrO 

200 	 O1 PLane 

Lmported CoaL 

2005 OIL PLane 

Ne,- Hyd-o 3 
2006 0 L PLanc 

[mxor:ed Coal 
2007 Fluidized Bed 

Ne,a H',ydro 3 
'Ie.Hyd ro 4 

2008 Imported Coal 
2009 OiL PLanc 

He'a. Hvcl 3 
Ne'., Hydro 4 

2010 	 OJL PLant 
lmpored Coal 
Ne Hydo 5 

L .1 ( -.!e) -'-,..:c! F,x d !", 

1:c3(00 D L Sceam 10 
PV 6t Coal 3ceam "o 

Coal Sc eam 0o 

Lx3. H'dro 

I.x3 
Ix 4 60 

OLL 3ceamo 
Coal Steam No 

Zx300 OLL Steam No 
1x92. Hydrc 'to 
Ix3O Oil Steam No 
J"00 Coal Steam Ito 
2x0 Coal Steam Ito 
Lx932 Hydro Ho 
1X645 Hvdro o 
4x460 Coal Steam No 
1x300 Oil Steam No 
1x932 Hydro Ho 
tx645 Hydro Ito 
2xJOO Oil Steam No 
1x"60 Coal Steam Ito 
txl20/ Hydro No 
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Table B-3: Cash Flow SuImniary-for the Base Case (Ref 175) 

CASH FLOW-CONSTANT VALUE CASE: WITH KALABAGH 
MILLIONS US$ D.R. : 4.7% 

II I CONSTRUCTION COST 1 FUEL COST & M COST L'LOLALCOST 

IYEAR I AIIAUAL CUMULATIVEI ANNUAL CUMUiATIVEI ANNUAL CUmULATIVE! ANNUAL. CU]UJILAT'IVE! 
I I I 

1 1 11987 1 
1 2 11988 1 
1 3 11989 1 
1 4 11990 1 
1 5 11991 1 
1 6 11992 1 
1 7 11993 
1 8 11994 
1 9 11995 1 
110 11996 1 
111119971 
112 11998 1 
113 119991 
114 12000 1 
115 120011 
116 120021 
117 12003 1 
118 12004 1 
119 120051 

115.7 
256.4 
273.3 
520.6 
788.0 
846.0 
715.1 
669.5 
760.6 
1031.5 
1345. 3 
1459 .4 
1157 .3 

873. 5 
987 .3 
1115.9 
1723 .3 
1694 .7 
1991.5 

115.7 I 534.1 
372.1 1 615.4 
645.4 1 736.8 
1166.0 1 716.2 
1954.0 1 646 .7 
2800.0 1 735. 4 
3515.1 I 797 .7 
4184.6 1' 899.2 
4945.2 i 1010.1 
5976.7 1 961.7 
7322.0 1 1007.1 
8781.4 1 1071.8 
9933.71 1214. 0 

10812.2 1 1360.3 
11799.5 1432 .3 
12915.4 1 1333. 6 
14638.7 1 1414.8 
16333.4 1 1619.6 
18324.91 1725.6 

534.1 
1149.5 
1886.3 1 
2602.5 1 
3249.2 1 
3984.6 1 
4782.3 1 
5681.5 1 
6691 .6 1 
7653.3 
8660.41 
9732.2 1 
10946.21 
12306.5 1 
13738.8 
15072.41 
16487.2 
18106.8 
19832.4 

102 .0 
I 111.5 

123.1 
145.0 
180.5 
191.8 
212.8 
233 .0 
254 .7 
289 .2 
319 .5 
343 .3 
368 .0 
392.5 
419 .7 
459. 7 
483.9 
508. 1 
536.7 

102.0 I 
213 .5 1 
336.6 1 
481.6 
662 .1 I 
85.39 I 
1066.7 i 
1299 .7 I 
1554 .4 1 
1843.6 ! 
2163. 11 
2506 .4 1 
2874 4 
3266. 9 I 
3686.6 ! 
4146 .3 1 
4630. 2 ' 
5138.3 I 
5675.0! 

751 .] 
983.3 
1133.2 
1381 .a 
1615-2 
1773 2 
1725t] 
1801.7 
2025.3 41 
2232. 1 
2671 .9 
2874 5 
2739 .3 
2626. 3 
2839. 3 
2909.2 
3622 .0 
3822 4 
423 8 

751.8 
173: .i 
286 . 1 
4250.1 
5865. 
7638. 5 
9364 1 

111 5.a 
1 . 

1547 .3 I 
1814 5. 
21020. 0 
23759 . ! 
26385.6 
29224. 91 
32134 .1 
35756 .1 
39578. 5 
43832. 3 

120 12006 1 
121 12007 1 
122 12008 1 
123 !2009 1 
124 12010 I 

1763.9 
1186.0 
765.6 
218.9 

20088.8 1 
21274.8 1 
22040.4 1 
222S9.3 1 

I 

1931.6 
194 .1 
2171.5 
2217.9 
2242.2 

21764.0 1 
23711.1 1 
25882.6 ! 
28100.5! 
30342.7 I 

572.4 
603.8 
645.5 
680.5 
712.5 

6247.4! 
6851.2 
7496.7 
8177.21 
U889.7 

4267 9 
3736.9 
11582.6 
3117.3 

48100.2 
51837 .1 
5541).7 1 
58537.0 
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Table B-4: Amountof Fuel 
Needed During 1987-2010 (tase 1) (Ref 175)
 

A.Wu
,JnI 
OF
BASE CASE FUEL 1,1:1O: DURING 190/ Z010
 
WIIMi 
KALABAGI 


(1h(4. OlSLOJNI
EAR I RAIL)
DCiIESIlC COAL
o t AO WICOSI AJ i 
I CU A IE IfULL IIPORIED COAL1 CCi"JLA1IlE ICOSI A"ILUH r OIL II W1u00') IOI.s(100'.)IloES(IOOQv)I I C)P"LAI IVE I COSt I AHtj I I 

NAIURAL LASII 'f"JLArIVEIlOHS (I.0t6) 1I10#S COS Ajh. I-- (I0L6) (1000', Cc JtI IVEI -T qg IA HRLL S(I UXIuAHELS(

1 

- -- D-3 ---- 5-67-3- - o R1W E () 0900 S1 1 
6-1 - a-o -ISO CI I I 

ld,8 
1 1 _f t--~o -14 ~ a --0}I 1 - ,. 07s~'f2910IT~f1r11 30 71.153 1 146.82V~00000 1_ I I(E - ;I 7 

0 f 0.000 11989 - 0.0003051 0.00 1 262844
74.597 1 i- 2 25,)Oi I411 I221.419 Vo21 2..14-15 2112,';190 0 1 0.000 1 -200243- 9 - 522S 1 3186 1 71.898 0.000 1 316351 I 74-0.7,211 299.317 0 0 000 
1.2!,4 1 4 .002I 32k.i1 7*
 

I I 2105 t,6 .00 450-095 .1 01 260 810
19- 1

I 1 365.45. 0 1 24 6,1 70.642 1IW 2v 2:1 0.000 1 0.000 I 480,16 I I " 00 I1 !/.914991 429.953 1 2:254 1 96. k,0 1 0.000 1 15 -,1/1991 23z 0.000 1 56i743f I .7SI 5775 487.729 1 151342 1 30.80w 127 70,I 194 2.38'9 1 '.2005 49.022 1 536.151 I 

2.389 1 557553 1 30.:69 1 ,2.C
3026"9 1 15:1.1
4.7/8 1 5 8257-.1995 I 19 41.946 1 1.167 1 527501 28.82/ ,.1 ,2' "-S584.69 1I 181.000
,54424 1 I1996 1 1r58 47.811 7.174 I 14.34.1 48625 1 

I 5:, 415 I63%1.570 4 6223 1 22,.S 2113.593199)7 1 6. 27 1 C.34-?0!4 49.711 642.302 I 500029 
21.228 1 464851 1 23 9.; 

I . 4;. -5.u5 1ci 1 7.907 I 55'8' 
, 29.115 I,441109 -')I649 78) 752.082 ) 1 .106 55.5: I567809 18 23.102 ,
19v? 1911 g 48.338 
;64 38 J.099 446541 .S. 

. 22. I e22"1 01
780.420 'CisI 711087 S2.I 11 321 I
0 0.000 49 419 1 458258 1 25.0 : e 12 1780.420 1
7200 81109? I s 312.5,7 325552001 1 0 1 13 ,41.1 63.203 o0.000 1 461301 Q2.Eli':..4.1 780.420 1 944109 1 14.914 21 .209 1 317.75/ 1 2 I2002 1 0 0.000 1 70.11 I1 455520 1 62,9' 012 1I 780.420 1 912150 1 24 813 362._502003 1 0 1 0.000 14.410 1 92.527 I 0101u 
1 2!15, 071 1 ,.2 05I780.420 I 916914 1 21.915 384.565 


2004, 14.415 107.002 1 452189 1 11 2's. I .3j50 0.000 24.711180.-420 1 1012466 409.276 1 41 . .2005 1 16.911 15 I1 0 1 1231.931 1 4694771 . I0.000 1 
 780.420 25.:3,
I 1142648 414 932
2U06 1 I 1d.042 1 5 10 1 0.000 141-9/5 1 475324 2 2-41 ,7"o0,'.-'1 25.91780. 20 1 60.901
20071 I 1.55 7690)tI
621 1 1!2.9"4 161.5120 .' 552I 913.4031 I12282 1 612154 .5_ 1,..7..6
19.400 45
2008 180.910 I
542/ I112.90 I 1 613722 1 11C6.091I 11),613 3.632 1 530.081 69,42, )

2009 1 620i1 I 21.958 1 202.867 I12 I 7J 101151 .6. 741855 

2010 

1 12117.7W I 1181,69'9 21.84, 1 
40.540 I 510.625 51015224.712 1 8.921311I 106.04a 1 112S. 796 1 1510755 I 

764702 ,2.8&02 1 613.50? 
1 0.022 

23.8t50 59 1 1 22.120248.562 
 701913 821 142
311.3"a 1 
 651 .-. 
 32820 
 12.17 1 
 831.315
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ESTIMATING KEROSENE USE AND BENEFITS OF 
ELECTRICITY SUBSTITUTION IN RURAL HOUSEHOLDS 



Appendix C
 

Estimating Kerosene Use and 
Benefits of Electricity Substitution
 

In Rural Households 

In principle, there are three ways to estimate RE benertts 
in Pakistan- These methods ;ire: 

L. 	 To estimate the demand curve for electric power u-.irtg
 
econometric techniques!
 

2: 	 To estimate the displaced fuels and avoided costs, in 
particular, kerosene and diesel fuel and related equipment! 

3. 	 To estimate the benefits from sales beond displacement of 
alternatives by summing revenues and esttaatlng consumer 
surpl.is benefits which are not captured by revenues. 

Due to the past arrangements for the operation of RE .n 
Pakistan it is not feasible to econotretrically estimate the 
demand curve for rural consumers in Pakistan! We are therefore 
using a combination of methods 2 and 3 for the Master Planning 
work. Our preliminary work on estimating household benefits
 
has demonstrated the need for the following information and 
clarifications: 

1: Kerosene Displacement
 

The following sections of this appendix explain the 
methodological issues which must be addressed in estimating how
 
much kerosene is displaced by RE in Pakistan: These attachments
 
are based on systematic review of the previous studies of this
 
issue, and on the numbers used by previous analyses of RE and
 
kerosene displacement in Pakistan: 

In principle, a large proportion of the bcnefits created
 
by electrifying rural households can be calculated by measuring
 
the displacement of kerosene by electrical appliances providing
 
the same services: The only subsLantial displacement is for
 
lighting: For this calculation, all that is needed is an
 
eqtimate of the current level of household kerosene u~e and
 
rates of change of use (plus or minus); the financial and 
economic prices of kerosene; and similar figures for electrical
 

lighting: 
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calculations are subject to 
great uncertainty! 
the team reveals a 

A review of the information available to 
wide spread as to estimates of these crucial 

pa rame te rs 

In practice, however, such 

A crucial parameter In this method is the rate whichat
kerosene lamps use fiiel: '4 e have attempted reduceto the
uncertainty in this parameter by running a kerosene lamp until
it burns oue Litre of kerosene! This simple test revealed that

,i standLrii, chimney Iamp at 0:02runs ibout litres of kerosene 
per hour: small Lamp useA wick would even less fuel--probably 
no more than 0.01 Litre per hour: Additional tests are 
continuing: 

As indicated below, ost anaiyses (including the 1977 AID 

Studies and the 1982-84 Area Master Plans) used mucha higher
rate of kerosene use per Lamp-hour (ranging from 0t08 to 0!16 
litres per hour) than were derived from our tests: More 
comprihensive testin Is therefore required (see chapter 6). 

Related to this ire the behavioral assumptions about 
consumer substitutLon of electrical for kerosene Lighting: 
Additional studies are required to determine: 

(Id) Number of kerosene lamps displaced by one bulb: 

(le) Wattage of bulbs installed by low and high income users, 

(lf'- Amount of kerosene displaced in volumetric terms. 

2: Use Rates 

The rate of growth of actual electrical energy consumption 
of RE consumers is critical in the calculation of benefits,
especially the benefits from consumer surplus. 
 A steep demand
 
cuirve generates a very dLfferent quantity of consumer surplus
than a FLatter demand curve: 

If the actual demand curve of rural consumers is steep,
then the area of consumer surplus benefits is obviously much 
Less than 
if the curve 
is gentle: The difference is accounted
 
for by the rate at which the rural consumer uses electrical 
energy after displacing kerosene: 

It Ls therefore crucial that realistic estimates be 
Obtained of how fast consumer demand for electrical energy 
increases over time 
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This appendix describes three ways of estimating kerosene 
,ise in Pakistani rural households: They are: 1) field surveys 
2) expenditure surveys and 3) physical calculations based on 
use assumptions! As will be seen, the estimated kerosene use 
varies widely according to which method is used: 

a, Field Surveys oC Kerosene Use 

Typical istrict Area Plans give kerosene consumption in
 
"bottles." For example, District Area Plan for MaLakand and
 
Sahiwal Districts are shown In Table C-i:
 

Table ,-I: Kerosene Consumption for Three Illustrative Households 

Ho useho Id HousehoLd Household 
L ) 3 

Malakand (Ref 152):
 

Village Electrified' No Yes Yes 
House Electrified? No No Yes 
Bottles Kerosene/Year 177 165 39 
income, Rs/Year 16,596 11,257 18,487 
Percent of Kerosene
 

Used for Cooking 3:4 6:3 33
 

Sahiwal (Ref 150): 

Bottles Kerosene/Year 110 71 40 
Income, Rs/Year 10,682 6,123 16,318
 

The Malakand Survey provides a further breakdown of the usage 
rate assumptions used in economic analysis in Pakistan RE planning: 
Annex (, (Re[ 152) states that the average kerosene use is 127 lILtres 
per year: This number suggests that a bottle contains Less than one 
litre: Recent surveys by this RE team indicate that .i bottle iq 
approximacely :7 litre in one Sahiwal village: 

There are apparent inconsistencies In the data in the MIalakand
 
report: For example, at the cited use rate of 0.12 litres/hour of
 
kerosene lamp lighting, the household would receive L,058 hours of
 
lighting, not the 1,460 stated! At the 1,058 hours level, the use
 
level would be 3, not the cited 4 hours per day. 
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The Malakand survey 
rates 
were used in sensitivity analysis for
 
high estimates for kerosene use, 
since the kerosene use rates

lighting cited the Master 

for 
in Area Plan surveys appear high by other

South Asian standards! In income
low rural households in Bangladesh,

surveys show annual Lighting kerosene use to be about 28

Litres/household! 
 in India, a national low income rural household
estimate is 25 ltresiyear, and for high income, 5 i Litres/year: in
5ri Lanka, the range for aLl rural households 90b-l04is litre/"ear:
In additt,n, Leach cites a 1983 survey for all rural households in
Pakistan '-'hich gives annualan kerosene lighting use rate per

household )f Itres, one
3,4 about quarter the FACE figure: (REF 88, 
p: 75)! 

b: Ke rosene Rural Use Rates, Expend iture Surve,;,s. 

There two sources available from expenditure surveys In
 
Pakistan. One is the 1985 expenditure survey theof Federal Bureau 
ot Statlsti(cs. The nther is Leach's treatment of the FBS 1979 and

1985 staCist,:s w'hich provides further insight todue his access to
 
the rigifnal aa.-:
 

['he dohuseho d income Surve, Report (REF 141, p: 294:) is a
national survey that estimates rural household kerosene expenditures
for Pakistan in 1984-85 averageat 1i Rs/month: At 3i5 Rs/liLtre,

this corresponds to I/y: Of substantial
38 this, a portion is used
for cooking, 
as noted above with reference to Ialakand 
(Leach also
 
estimates 
that 85 percent of rural HH kerosene usage Is for lighting, 
REF 1.30, p.P1). 

If it is assumed that 85 7 of kerosene usage is for lighting as
 
- conservtLive estimate 
 (since the total. for rural households
 
include- electrified households 
 and households tising neither
 
electricity nor kerosene), the 
 national rural average figure is
 
therefore 0:83 38
x or 32 litres/year: 

According to the survey, use rates do not vary much across 
, being L2 Less in the Punjab, 6 ' greater in the Sind, 29 ,
 

,,rearer in ,FP, and L2 .
 greater in Baluchistan: (REF 141, p: 294)!R3ut use rates do vary greatly across income levels: The survey
reports that the households with the lowest income levels spent 6,44
Rs/m on kerosene, or 22 litres/year on kerosene, which amounts to0:85 x 22 or 19 I/year on kerosene for lighting. The highest income 
group spent about 3 times as much on kerosene, or 18:23 Rs/m, which 
amounts to 54 1/year on kerosene lighting (REF 141, p: 294)! 
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Aceording to the Leach study, the 
average rural household use of
 
keroqene Ln both L979 and 1985 was estimated at about 57 1/year (REF
 
L30, p. l5)- Using the 85 % figure referred to above for lighting 
usage, this suggests a figure of 49 I/year of kerosene used for
 
Lighting: Obviously, this figure is substantially higher than the 32
 
L/y calculated above from the 1985 Survey, although it is still only 
40% of. the FACE estimate of 127 I/year:
 

Leach also provides data from the December 1980 Hous ngse nsus 
t was reported to light about 83%the 9!l nLiilon rural households in Pakistan: (The figure is 

of 

estimated at 86% in both the Sind and the Punjab, which together 
account for 1.6 and 5:5 million respectively, or 78 % of the total
 
rural Iouseholds) (REF 130, p: 130). 

c: Physical Estimates of Kerosene Lighting Use 

Some sources on Pakistani RE do not begin with surveys of use or
 
expenditure rates: Instead, they begin with assumed hours of
 
kerosene lighting, and apply conversion and equivalence ratios to
 
calculate kerosene usage (and thereby, displaced kerosene by the RE
 
program). As will become evident, there are 
serious methodological

problems associated with this procedure: The key issues are:
 
relative lighting service (intensity and other qualitative factors);
 
number of kerosene and electrical points required for substitution to
 
be effected; and estimations of kerosene use rates! Only the third
 
factor, use rates, is a physical constant: Unfortunately, its value
 
in Pakistan is highly uncert'ain, at least in the sources reviewed for
 
this report..
 

Relative lighting intensity
 

A 60 W bulb clearly provides much more illumination than a
 
kerosene lamp: The World Bank estimates that a 60 W bulb generates
 
20 percent more light intensity than a pressure kerosene lamp, while
 
it provides 90-96 percent more light intensity than a standing lamp
(Light intensity is measured in foot candles at 30 cm).(REF 88, p;

77). But consumers do not appear to substitute for kerosene lamps
 
based on strict lighting equivalence. If they did, they would
 
acquire tiny electrical bulbs of 2-4 W: There is no reason to
 
assume, therefore, that the lighting intensity equivalence ratios
 
provide any guidance as to the rate at which light bulbs will
 
displace kerosene lamps: Nor does relative lighting intensity
 
indicate the wattage of substituting light bulbs,
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N.mber of ILghts 

Conceptually, tile numbe" of lights in a III could be a function of 
desired lighting Levels and number of spaces and planes which require 
lightinge There is no physical basis for assuming a L:1 or a 2:1 
correspondence of kerosene lamp to light bulb: This is a consumer
 
decision which can only be known by slte specific surveys:
 

For example, in 1982, AID estimated displaced kerosene assuming
 
that -60 W bulbs would displace a single Kerosene lamp using O.'16
 
1/hour at 3 h/day of operation (REF 26, Annex, Attachment A, p.B).
 
Yet informal enquiry reveals that rural households do not operate
 
kerosene lamps Ln that ratio to light bulbs- Rather, common practice 
is more likely to be the use of oil.7 one lamp, while 2-4 light bulbs 
may be used (the number used for planning purposes)! 

it should he n_,e. that: in Indonesia, where detailed micro-surveys 
of this issue have oeen conducted under Aid auspices, WeaLherly Found 
that the ictuai substitution ratio was 1-60 W bulb per high pressure 
Petromax Lamp: if one 60 W bulb substitutes for one relatively 
expensive Limp In Indonesia, then how many inferior kerosene lamps 
fusing (using kerosene at a inuch lesser rate) is a 60 W bulb likely to 
displace in Pakistan? 

And why use 60 W bul.bs in an analysis of Pakistan? Is that the
 
practice? Unfortunately, no survey information is available at this
 
time on the actual wattage level of bulbs in rural electrified 
households- ',4th both the real wattage and ratio of displaced 
lamp/light bulbs unknown, the cost of displacing kerosene lamps is 
impossible to determine. As the rate at which the kerosene lamps use 
kerosene is also suject to debate (see below), we are left with three 
unknowns ind an i idertemined system! 

Use Rate of Kerosene 

In the AID 1982 calculation, kerosene displacement per lamp was 
estimated at 213 I/year -- no less than 1!7 times the FACE estimates 
of kerosene lighting use. (REF 26, Annex 0, Attachment A, p. B): 
Likewise, Gellerson estimates kerozene use per household in Pakistan 
to be even higher at 360 I/consiner prior to electrification (REF 87, 
p i ) 

Obviously, one cannot displace more kerosene than surveys show is 
actually used! It may be that the fueling rate of kerosene lamps in 
Pakistan is not correctly estimated in these various studies: FACE 
and AID both used kerosene lamp fueling rates above 0:1 Litres/hour 
However, World Bank estimates (R.F 88, p! 77) are much lower: 
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Fishcan Wick 	 0s0098 I/hour
 

Standing Kerosene lamp 	 0:012 l/hour
 

Hurricane Lamp 	 :OOl2l l/hour
 

Pressure lamp 	 :0:0478 I/hour
 

Even If the .orli Bank escimat Yi- off 1 .b factor of LOW," 

(assuming uncut wick, draughty conditions in rural Pakistani 

householis). ,qse races for standing kerosene lamps would he 0:02 lh, 

not 05[: The figire of 0:1 i/h also corresponds to that found in 

detailed field surveys for Petromax lamps in Indonesia (REF 106, p" 

107): The fueling rate makes tremendous difference to the displaced 

kerosene in tne econi:nic :alc,,lation; More precise estmates of the 

actual field fo.limg rates are needed f) the range of kerosene Lamps 

"sod by Nkinini ria I Wste3ili tb; 

1'he early ,n-.mars based on FACE burning tests have provided 

very preLiminary e stfmatces: M!ore Lamps need to be tested ,under 

various ope r,c ng q d ,_id 	i-ons!
 

Using the informatLon available to date, estimates have been 

based on surveys of initial energy usage by newly electrifying 

households and an asumed growth rate of that usage; initial consumer 

power load, coincidence or diversity factors; and assumed growth rate 

of power load! in the Area Master Plan surveys, however, the 

estimates of electrical energy household usage combine all electrified 

households, regardless of how long they have been electricity users, 

:ind regardless of their income! Moreover, the Area Master Plan 

surveys measured only appliance ownership, not actual kwh "sage of 

electrified households: 

The following s tori es are urgently needed (see chapter Q: 

(2a) 	 Rural household electricity usage starting from the year of 

electrificatior for is Long as a time series Is available. 

(2b) 	Thesp data a-e needed for Low and high income electrified 

housh o o d s: 

(2c) 	 Data in (2a) and ,,2b) for representative villages from all four 

provinces: 

(2d) 	An indication of the accuracy of rural usage billing records
 

based, for example, on a comparison of grid station electricity
 

flow records with metering records:
 

(2e) 	Actual (abso nte) rate of household connections from year 1 oF 

electrified villages, for as long as time series are available, 

for representative villages in all four provinces! 
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Customer connections have been constraLned in many villages by
institutional arrangements and provincial selection '.:iteria: This 
suggests that tle a"average" rate ,)f connectL,n may noc be as 
meaningful as the range of connection rates Cor villages which have
 
had electricity for the same number oC years:
 

Therefore, the following must be studied in detail:
 

(2f) 	 For representative villages from all Four provinces with same
 
years of electrification, 
 the range of actual rate of household 
connect ions,
 

( 2 g) 	 Measurements of act:ual coincidence factor of village load. 

Lt is uinderstood that in many villages, more than one household 
is served by a -iven connection to a dwelling-courtyard complex! If 
this is often tile case, then the overall number of connected 
households ini,, he understated in tile above estimates for (2d) or ( 2 e). 

(2h) 	 The incidence of "multiple household" connections which should be 
appLied to estimates for items (2d) and (2e) to correct for 
understatement of real connection rate: 

(2i) 	 The incidence that village-industrial (for example, flour mills) 
and village-commercial (that is, small shops and the like) are 
actually adjuncts to household connections, thereby inflating 
household energy use statistics as might be available. 

With this information, it will be possible to better derive a 
meaningful demand curve'for estimating the consumer surplus portion 
element of benefits of RE in Pakistan:
 

3: 	 Estimating Consumer Surplus 

With 	 the information described above, the consumer surplus can be 
estimated tsiung two separate techniques: 

Will ingness-to- Pay 

The first technique is to estimate consumer willingness-to-pay 
(WTP) [or electricity, WTP is measured by asking potential and actual 
consumers in electrified and non-electrified villages the question: 
"how much are you willing to pay for electricity service?" 

Appliance Use 

The second way to estimate the full benefits of RE service to 
consumers above their service bills is to estimate their annual cost 
for end--use appliances. 
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L. 	 keiLerson (REF 37) suggests that RE displaces 360 litres of
 

kerosene per year per electrical connection!
 

2: 	 Al) PP L982 ised ,:1.6 L/h, which implied a kerosene lamp used 2i3 
t , ( I k ro ,'n, lamp iq issumed to run 3 5 h/,, 365 d/y): 

3: 	 One of the 1978 RE Assessments (the only one no date available to 
the 7em)n stares that kerosene lamp fueling rate Lq Q:4 lihour 
(REF 102, P; 6:10). 

V: 	 A typical FACE report uses 0:08 I/h in the economic evaluations, 
which implied a kerosene lamp used L02 l/y (they actually set h'd 
at 3, rather than the 3:5 used by AID PP 82, but I have adjusted 
for the difference here by uising 3:5 h/d, 365 d/v): 

51 	 The World Bank HusehoId Energy Paper suggests the fol lowing use 
rates for different t'pes of kerns na lamps: 

Table C-2: World Bank Kerosene Lamp Fueling Estimates 

Fishcan Wick 0:0098 i/hour
 
Standing Kerosene Lamp : 0:012 I/hour
 
Hurricane lamp : 01:0?'. I/hour
 
Pressure lamp : 00478 I/hour
 

Note: annual rates calculated 35 h/d, 365 d/y:
 

During a test conducted by FACE, a typical standing kerosene lamp 
consumed one litre of kerosene in 47 hours, or at a rate of 0.02 L/h! 
It is therefore concluded that a more realistic kerusene lamp fueLing 
rate is 0e01-4O2 I/h in Pakistan: This realistic kerosene lamp 
fueling rate is 8-16 times less than AID PP 82, and 4-8 times less 

than FACE used in the Area Master Plan: 

Cross-check for this Conclusion 

Another way to approach the kerosene displacement issue is to 
take the National Income and Expenditure Survey figures for 1985 and 
convert them to physical use rates/household! 

The NIES estimates that the average, all-Pakistan kerosene 
expenditure is L Rsim: At the price (at the time of the study) 
of 3.5 Rs/l, the average rural Pakistani household bought about 
38 litres of kerosene/year: Some of this would be devoted to 
cooking or wood-lLghting, some to rural commercial uses (ran nut 
of the household budget), so the kerosene used for lighting,
 
after adjusting for such factors, might be approxiimatel' 85 
percent of the total, or 32 litres of kerosene/year per rural 
househo ld: 
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Gerald Leach massaged the raw data in his Household Energy report
to AID last yeari He estimated average rural kerosene household use 
at 57 litres per yeart After the 'ame adjustments Ln above for 
cooking etc, his figure for the inccome-derived u,.t rate of kerosene
for lighting only was 49 1/year, including both electrified and
non-electrified households. 
 Leach also reports elsewhere a 1983
 
survey which showed use rates to be about 34 1/year (adjusted by 0185for cooking etc, this would be about 29 I/year) per all-Pakistan rural 
household.
 

Which Cigure is more accurate? Gellerson's 360 I/year? AID 1982 
estimate of 213 l/y per lamp? The estimate by FACE of 102 I/year per
lamp? The Income Survey of 32 1/year per household? Leach's 49

1/year per household? 
 The 1983 survey of 29 1/year? The RE team's
 
calculation based on physical assumptions of 38 1/y (1!5 kerosene
lamps per household, 3:5 h/d, 365 d/y at 0,02 I/h of kerosene light.

for poor households)?
 

One way to cross-check is to multiply the household use rate by

the rural population of i million and check against the totai 
(urban

and rural) domestic kerosene use according to the Energy Yearbook.
 
This figure accounts for 99 percent of kerosene use, according to the 
Yearbook. Table C-3 shows the Yearbook's estimates for national 
domestic kerosene 
use since 1981-82:
 

The kerosene rates an.iu ruralfueling and i household kerosene 
use rates are summarized in Table C-4: 
 There, they are compared with

the national actual kerosene use rates where known for the year of the 
estimate:
 

Plainly, one cannot use estimates that propose that 
rural
 
households use more kerosene than is used by 
the total household
 
sector in Pakistan, let alone the nationi Nor can one displace this
 
non-exictent kerosene by RE: Whatever the correct level of kerosene
 
displacement, the actual displacement for electrified households
should not include the kerosene which eiectrified households continue 
to use (estimated at 20 percent in some Area Master Plans): 

Leach estimates that urban kerosene use is about 76 I/year per
urban household: (As with the 
rural estimate of 49 I/year, this

Figure .ncludes electrified and non-electrified households): 
 There
 
oeing 4 million urban Pakistani households in 1985, urban households 
account for about 304 million litres of the for 1985,total which was
probably about 850 million that year (10% growth on the figure shown 
above for the previous year): The total 
(850 million litres) minus

the urban (304 million litres) leaves 546 aillion litres for rural
household kerosene consumption for cooking and lighting. 
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Table C-3: National Kerosene Data
 

Us e a1 -.i2 52-a. 63-64 64-85 85-Se .6- 7 

Total Use
 
ThouLsand Tonne 554 604 690 760 811 876 
Miillion Liters 61> 677 773 
 851 9O6 987,
 

Domestic -ise
 
Thousand Tonne 544 5q4 679 748 80 1 661 
Million Liter- 69 76-
 872 q60 1620 il,'s 

Source: REF 171, po.

Note: 

Other Government makes up the di ference between total and domestic use
 
for each Year et.cept 138o-67, where transport alSo appears as a 
i:erosene user ior the hirsttime. No allowance for commercial 1erosene 
use seems to have been made, in reality, therefore, national domestic 
4erosene use IS i I elv -) be substantiall, less than the fiure citeo 

s
above. Thi fettr hat: not been accounted for In determinino a 
crpdible indicatiie h ousehold kerosene rate elsewjhere in this te"t. As 
adjustment for rhis factor would iurther reduce the level of household 
reroserne use which could be displaced by rural elecLrifi cation, this 
procedure is biased toward rural electriiication.
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Table C-4: Kerosene Displacement Parameters
 

A 
 C 0E 

ourte 
 P.ero Lamp Estimated Resulting lotal iero Ratio oi
 
Fuei ing Rate 
 Kero Used Estimate of for Pakistan EiG ior
 
Jih kero Lamp in Lighting Total Rural Domestic (ear of
 
Liohtino 
 Lighting 	 Household E inwhich
 

i:ero 'FeroUse, estimate in
 
Use, ti1lion Cooking 0 was made
 
I/Y 	 Lighting,
 

Iurban 'rurai
 
for fear of
 
Eltiiate inD, ilion,y
 

Gellerson 62 unknoin 360 l/y-HH -1 3,96i 698
 

AiD 	 a? PF .1&F 	 213 'ly 
 3,514 696 
 5.0
 
lone 	lamp)
 

NESFAk 7B 0.14 179 l/y-HH -1 
 1,967 510 
 3.9
 

i698 	x 0.711
 

FACE 	93-64 .IF 102 1.663 B72 
 1.9
 

NIES 	85 IIRsim, 3.5 Rsil 38 liy-HH -1 352 
 960 0.4
 

-
Leach 7 far 25 n/a 49 liy-HH 1 539 96(i .6
 

i23 	Survey nia 29 liy-HH-' 374 763 I.S
 

RE Master Plan 0.0? 55 liy-HH" 605 960 "".6 

Notes:
 
I. 	hates x 1.5 lamps/household x 3.5 h/d 365 d/y x 11 million rural HH in Iq84- 5 -hen NIES dnd
 

4rea Master Plan Surveys conducted.
 
2. Where the rate 	was given by source referred to intext 
per lamp rather than per household-year,
 

we have put these estimates on the same footing by converting them to 1.5 Kerosene lamps per
 
household at 3.5 hid, 365 diy.


5. 	 National domestic kerosene use irom Energy Yearbook, converted to iiters at 45 M/Eg kerosene:
 
'7.61H,/1 Kerosene: ijtersikg kerosene t 1.28.
 
T
4. eam 
 8 isfor a 1965 estimate using )Imillion population. Strictly, rural popujation ior the
 
years oi each estirateikerosene use ratio should have been used. As 
these were not immediately
 
?'ilable tu the ieaq inLahcre, the adjustment was ignored. 
Itwould have not affected the 
restits 51 rn ilrantly. 

C-lOb 



[(I :-I,~t tne ,stimate by Leach for rural household Lighting 

is 139 ,hilLI)in [1Lres: Re-Lnflating the Leach estimate for the
 
,srimated I-, i,;t-d For ,'omking in rural households generates a total 
rural kerosene isage of 642 million, At this rate, Leach urban/rural 
total domestic household kerosene use would be 304 + 642 million 
L[tres - 942 'ilton Litres: This figure is therefore somewhat high, 
but at Least in ipproximation of the national use for the domestic 
sector that 'ear )f ibout 850 million litres: Leach's figures are 
therefore acceptabLe is estimates, being most consistent with physical 
cross-checks for lamp fueling rates, population estimates, and 
tiational kerosene ,ise: 

E'stimates ised in past analysis are useful for illustrative
 
purposes but should be discounted in evaluating future RE programs in
 
Pakistan. It is imperative that more precise and accurate field data
 
be collected in a range of Pakistani villages, representative of
 
varying cultural ind envirormiental conditions!
 

Techniques for such data collection are available aLthough few
 
field studies Ln the past have used the rigorous methods (physical
 
measurement) necessary for reliable estimatest
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APPNDIXD
 
ESTIMATION OF HOUSEHOLD AND COMMERCIAL 

SECTOR BENEFITS AND COSTS 



Appendix D
 

Estimation of Household and Commercial Sector 
Benefits and Costs 

The household benefits were estimated in two parts: (1) from
 
substitution of eleccrlcLty for kerosene for basic 
Lighting and
 
(2) from the use of electricity for additional lighting and for new
 
appliances. The substitution benefits are based the cost savings
 
approach, i.e., on the value of kerosene not consumed and the amount
 
of equivalent electricity used. The benefits from electricity use for
 
new activities is based on the consumer surplus approach. This method
 
estimates benefits as the area under a straight line demand curve 
using two points. 

Low Income Households 

For the low income households, the amount of kerosene consumed for
 
lighting was assumed to be 50 liters annually based on two lamps
 
burning 3.5 hours daily consuming 0.2 liters kerosene per hour. Using
 
a kerosene price of 4 Rs/liter, the potential savings are 200 Rs. of
 
kerosene and 38 Rs. of lantern related equipment. Given the
 
un-reliability of electricity and the portability of kerosene lamps,
 
it is assumed that only 90 perceit of the potential savings are 
attained, or about 215 Rs. From these savings must 
be deducted the
 
cost of electric bulbs which is estimated to be 60 Rs. annually based
 
on a use rate of about 8 bulbs per year. Therefore, the total savings
 
is about 154 Rs. annually.
 

An important issue is the definition of the electricity
 
equivalence for basic lighting. Assuming that the kerosene lamps are
 
equal to a 60 watt bulb leads to a high implied electricity use and
 
therefore a lcw implied value per kwh. Based on a comparison of the
 
lumens emitted by the two different light sources, many of tle small
 
kerosene lamps (e.g. wick type) are equivalent to, at most, a 25 watt
 
bulb and probably much less (Ref 88). Using a 25 watt bulb as
 
equivalent to a kerosene lamp, 
the yearly electricity consumption is
 
64 kwh and its value at about 2.4 Rs/kwh.
 

The estimation of the additional benefits had several steps. The 
first step was to estimate total annual kwh use. Based on a review of 
available information as discussed in Appendix C, a use rate of 20 
kWh/month or 240 kWh/year was chosen to be illustrative. This choice 
was based on the aggregate use data and on the construction of a 
scenario of appliance use that matches this rate. This breaks down 
into 64 kwh for basic lighting and 176 kwh for other use. One 
scenario for this other use level corresponds to (I) a 50 percent 
increase in basic lighting (possibly 50 percent more hours daily 
leading to 32 extra kwh), (ii) an additional 60 watt bulb for 3.5
 
hours/day, and (iii) a 60 watt fan used 1200 hours/year. The peak
 
demand for all electricity use would be .36 kw (two 25 watt and one 60
 
wart bulbs plus 60 watt fan).
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The beiief its assocjated Wit this additional u.se of 176 kwh was
estimated 
based on a simplified demand curve using two f)oLnts: the
 
one for kerosene substitution, where price 
 = 2.4 Rs/kwh and quantitL.'
64 =kwh and the other for total use, where price [.81 ks/kwh and
quantity = 240 kwh. The f knal price 1.8 Rs/"kwh IS based on M ii
 
initial costs 
 ( s,,h is cn ie''tiun) as well as the Lrl I 4.F.
the demand curve, tle benm its [or the 1,2 

2 
additin)2al ","nd L s, 41tP
 

lighting were SLiMaLted to he about 
 371 Rs. l'heruure, Li hne iuL 
were estimatd to be 525 Rs (or the sum of 154 from savings and 371). 

The basis for the price at the second point on the demand cunrve of
1.8 Rs/kWh is the sum of the tariff plus the annualiZat ion Of the

connection 
 Cost, wiring, and all unofficial charges. These costs were
annualized a 15% over 3U years using an approximate lactor of 0. 15: 

Connecti on 1200 * 0.15 = 180 ks/'ear) 
Wiring 300 * O.15 = 45 
Unofficial Charges 
 750 * 10.15 = 113
 

Total 338 

At 240 kWh/Year: 338 / 240 1.40 Rs/kWh 
Tariff: .39 

1.79 Rs/kWh 

Average Income Households 

The same approach was used as for the low income households. For
basic lighting (the ftrst point on the demand curve), the same figures
were used: 64 kWh at 2.4 [s/kWh. The additional benefits were based 
on an estimated total annual use rate of 540 kWh, or 476 kWh for 
non-Lighting uses: 

Iron 125 kWh 
Fans 150 

Extra Lighting 200
 

475 kWh/Year
 

The basis for the price at 
the second point on the demand curve of
1.1 Rs/kWh is the 
sum of the tariff plus the annualization of 
the
 
connection cost, wiring, and all unofficial charges. 
These costs were

annualized at 15% over 30 years using 
an approximate factor of 
0.1.5:
 

Connection 
 1200 * 0.15 = 180 (Rs/Year) 
Wiring 500 * 0.15 = 75
 
Unofficial Charges 750 * 0.M5 
 113
 

Total 
 368
 

At 540 kWh/Year: 368 / 540 = 0.68 Rs/kWh
 
Tariff: 
 .39
 

1.07 Rs/kWh
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From the demand curve, the benefits were 835 Rs/Year. Adding the 

benefits from savings of Rs 154, the total benefits come to about 990 
Rs/Year, or 1.8 Rs/kWh at 540 kWh/Year. 

H4i Income fiouseholds 

Again using [Ile same approach as above, the benefits from basic 
lighting are esttinated at HO0 I/year (at a price of 4.0 Rs/1) plus the 
cost of equipment of Rs 80, or 480 Rs/Year. Because kerosene Lanterns 
are portable and electric tights generally are not, only 90.% of these 
benefits are estimated to be attributable to electriclty, or about 430 
Rs/Year. Deducting Rs 130 for bulb costs, the cotal for basic 
lighting is herefore about Rs 300/Year. The consumption for basic 
light ing Ls estimated as tile use of 4 bulbs for 3.5 hours per night, 
each at about 30 watts average, or 150 kWh/Year. Fie average cost 
(for tile first point on the demand curve) is therefore 300/150, or 2.0 
Rs/kWh at 150 kWh. 

The basis for the price at the second point on the demand curve of 
0.73 Rs/kWh is the sum of the tariff plus the annualization of the 
connection cost, wiring, and all unofficial charges. These costs were 
annualized at 15% over 30 years using an approximate factor of 0.15: 

Connection 1500 * 0.15 = 225 (Rs/Year) 
Wiring 1000 * 0.15 = 150 
Unofficial Charges 1000 * 0.15 = L50 

Total 525 

At 1800 kWh/Year: 525 / 1800 - 0.29 Rs/kWh
 

Tariff: .44
 

0.73 Rs/kWh
 

The average tariff paid of 0.44 Rs/kWh is based on 50 kWh per 
month at the first block rate of 0.39 Rs/kWh and the remaining 100 kWh 
per month at the next block rate of 0.46 Rs/ kWh. 

The total benefits were 2580 Rs/Year from the demand curve, plus 
300 from savings, or Rs 2880 per year. At a usage rate of 1800 kWh 
per year, this is an average of 1.6 Rs/kWh. 

Commercial Establishments
 

The benefits for basic lighting for commercial users was the same
 
as for average income households, regardless of whether a refrigerator
 
was used or not, or Rs 300. The additional benefits for those without
 
a refrigerator were also the same as for the average income households
 
except that the second point of the demand curve was at 2.25 Rs/kWh: 
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Tariff 1.28 Rs/kWh 
FAS .22 
Annualized Capital Costs 
 0.75 

2.25 Rs/kWh
 

Where 
 the capital costs include:
 

Connection 
 1200 Rs 
Wiring 
 500 
Unofficial 
Costs 1000
 

2700 Rs
 

Annualized using 
the 0.15 factor, over 
540 kWh brings the annualized
 
capital costs to 
0.75 Rs/kWh.
 

The total benefits to commercial establishments itihoutrefrigerators are therefore about 1110 from tile demand curve plus 155from savings, 
or 1265 Rs/Year. This 
is equivalent to about 
2.34
 
Rs/kWh. 

For commercial establishments with refrigerators, 
the analysis isthe same except for an additional 350 kWh/year for the refrigerator.
Thus tile second point on tile demand curve 
is at 
890 kWh at a price of
 
1.96 Rs/kWh:
 

Tariff 

1.28 Rs/kWh
 

FAS 
 .22
 
Annualized Capital Costs 
 0.46
 

1.96 Rs/kWh
 

Where the capital cost 
per kWh is the same as for commercial

establishments without refrigerators, but spread out over additional 
usage. The total benefits for this consumer group 
is 1800 Rs/year
from the demand curve 
and 155 from savings, or 1955 Rs/Year. This 
is
 
equivalent to about 2.20 Rs.
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APPENDC E
ESTWIAATION OF TUBEWELL IRRIGATION
 

BENEFITS AND COSTS
 



Appendix E
 

Estimation of Tubewell Irrigation
 
Benefits and Costs
 

1. General Introduction to Pumping in Pakistan
 

There are approximately 280,000 tubeweils currently. Of the existing
 
stock of tubewells, about 120,000 (43%) are electric, and the remaining 
160,00G+/- (57%) are diesel. About 30,000 of these are high speed diesel 
(HSD), and 130,000 low speed (LDO)(L). 

About LO-L2,000 new cubewells are installed annually. Of these, roughly 
half are HS, and the rest are electric. There are apparently very few LS 
diesels being installed today. At present, there are at Least tturee sizes of 
HS diesel engines available in the marketplace, a 12, 13 (2) and 36 hp Dong 
Feng engines marketed by PECO, of which the 12 hp is apparently the most 
prevalent. 

TABLE E-l: Distribution of Pump-Sets by Province
 

Punjab 84% 

Sind 11% 
NWF Province 2% 

Baluchistan 3% 

In the Sind and Punjab, most of the water table depths are in the 3-15 meter
 
range, and thus the use of one and two stage centrifugal pumps is possible.
 
The cost/benefit analysis for tubewell electrification must address the issue
 
of diesel vs. electric prime mover capital cost, O&M cost, and energy (fuel)
 
cost both from a financial and economic perspective. The well installation
 
cost, and the farm system costs, are not a function of the type of prime
 
mover, but are examined for this analysis to determine the proportion of the
 
tubewell cost represented by the pump-set, and with respect to affordability
 
of conversiot. from existing diesel to electric.
 

In NWFP, virtually all of the well installation will have to be very deep
 
wells. These are virtually unknown for agricultural use at present, although
 
they may exist for water supply use. For very deep wells, submersible
 
(turbine) pumps must be used, and these are electric by definition. As issues
 

(I) 	Based on estimates by FACE, WAPDA electric tubewell connection figures,
 
and 1985 Agricuitural Statistics of Pakistan, figures adjusted for growth
 
for 	years between 1985 and 1988.
 

(2) 	The L3 tp engine is similar to the 12 hp, except for a more sophisticated
 

cooling system.
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regarding electrification benefits in 
NWFP are addressed, the relevant
 
comparison should be between an 
electrified tubewell, and 
from a diesel
 
generator, both using an electric turbine pump, 
and no irrigation at all. In
general, the break even 
point between connection cost and diesel under tids 
comparison will favor electric for 
a greater distance from the nearest il kV
 
line as a function of the additional cost of the generator b,:tween the diesel
 
and the pump.
 

At tne tuMe of thls analysis, little data were available regarding

tubewells in Baluchistan. More information needs to be collected and analyzed

concerning the average and distribution of the sizes of pump 
lifts in
 
Balucnistan.
 

2. FiLancial and Economic ( .osts - illustrative Cases 

The impact of converting tubewelis from diesel to electric has been
 
analyzed from both a 
 f inancial and eL.otnomic perspective. In general, electric
 
tubeweils 
 are much Less custly on an annual basis from a financial perspective
than HS or LS diesel wells of si-tilar capacity. On an annual economic cost
 
basis however, electric wells appear be similar
to roughly to diesel. This

difference appears to 
be driven by two costs. First, the total investment
 
including connection charges is 
greater for electric than 
for diesel. Second,

under current taritf policies and pumping practices, the economic price of
 
electricity appears to be far greater 
than the rinancial price, whereas the
 
price difference is relatively slight 
for middle distillate fuels. These
 
results are discussed in greater detail in 
this Appendix for three

representative cases based on 
the 'typical' tubewell installation described
 
below, with variations on 
these base cases for system head, etc.
 

The three cases, electrification of existing low speed diesel
 
installation, eiectrification of existLng ni.gn 
speed diesel, and comparison of
 
high speed diesel 
is electric for a new installation, reflect the current
 
stock of cubeweiis 
and the fact that most of new wells being installed today

are apparently either HSD 
or electric. The increased 
availability of HSD has
 
apparently displaced 
LDO engines for new installations. Conversion from
 
electric to dLesel 
is not addressed in this discussion for two 
reasons:
 
first, if tne well is 
electrified, 
the-major connection cost has already been
 
made, and second, since 
the financial cost of electricity appears to be so far
 
below its economic cost, the financial cost of electric tubeweli 
operation is
 
significantly 
below that of a diesel tubewell. Although there 
are at least
 
156,000 tractors (3). 
 They are not used as the prime mover (i.e., power take
 
off) for tubewelis, although the 
are used as a backup prime mover 
for out of
 
service prime movers.
 

(3) Census of AMricultural Machinery, 1984
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For each of the thiree cases, a.typic.l nd a possible example are
 
presented. The well
typical reflects 
tfne current practice of over-sizing the 
prime mover (electric and LDO), and average efficiencles for the major
pump-set components (4). The 'possible' example reflects somewhat better 
sizing of tne prime o'.ver, :o the extont possibLe, and pumpset component

efficiencies for aI 'ei:1in1tciinea ano correctly 
 loaded (esp. properly laid
 
out p~pe ',tea/ p-mp-seC.
 

The econumlc II. srumpc ons 
ire babed on the ceams best judgement for
 
each of tine major :umpunnts. The Linancial discount rate reflects market
 
races 
for debt. Foreg!n eXcnange capacity rigures are based on interviews
 
with pump and engine Tnanufactures and include not only the 
 direct foreign
exchange fir parts, hut tne embodied foreign exchange in tne imported raw
 
materials, , iron.
 

.or thnis odel , we .aLculate r.ne system head (1'.ft neight plus frLCLOn
 
nead) o the tubeweII, and then calculate 
 the hp requirement for tnp prime
 
mover based on efficiency assumptions for 
the other major components of the
 
pump--set, pump, and transmission. 
 This times the engine efficiency is used to 
generate the fuel,energy consumptLon/hr. 

Capital costo are based on price lists 
from KSB and PECO f ,r"HSD and LSD
 
engines, electric motors, and pumps 
in the appropriate sizes. The connection
 
costs have been provided by FACE (5), and adjusted in the 
financial analysic

for the WAPDA Rs 30,000 credit. A foreign exchange shadow price factor is
 
used to adjust the economic cost of these components using the direct and
 
embodied foreign exchange component is calculated for each of the major

capital components of the pump-set. A 20% imported
duty on materials for
 
industrial importers 
is also built into the calculations.
 

Operator and maintenance 
 O&M) costs for both IISD and LDO engines are 
based on 1:12 ratio for lubricati,.g (mobil) oil to fuel oil use rate, and
 
labor and repair costs nich are drawn for interviews with farmers (FACE).

The O&M cost is comparable 
c- those found in the example tubewells in the 
District M.aster 

(4) Drawn from Ref 140. 
 Field testing of these component efficiencies, 
as 
well as the effecr of retrofitting existing tubewell installations, is 
part cf an ENERCON study now underway. 

(5) These figures are also consistent with those presented in the FIZAC,

Private Tubewell and Rural Electrification Project, Reconnaissance Report,
 
May 1984.
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Plans, e.g., an average of Rs 5.3/hr (labor plus other O&M) for diesel and Rs 
i/hr for electric (6) (see table E-2). Fuel cost as described above is based
 
on the power requirement of the pump adjusted for the engine efficiency
 
divided by the energy content of the fuel requirement per hr (annual charges
 
not based on consumption are include with )&M). Annual electric consumption
for tubeweLls at given prime mover horsepower ratings, and utilization levels 
-re wicn i&' - L5' of the model's calculated annual consumption (7). The total 
cost per acre :t. roC is also withi.n 5. of the figure given in Cle FiLZAC
 
reconnaissance report (8) adjusted for inflation.
 

7ABLE E-2: Cost Comparisons: 

Model (Typical) Range (9)
 

O&M (Labor , Ctner)
 
DIESEL 4.81/hr 0.87 - 10.97 /hr
 
ELECTRIC 1.11/hr 0.43 - 6.08 /hr
 

Fuel & K'.H 
HSD 3.33/hr 3.0 -4.5 i/hr 
LDO 3.73/hr 3.t!- 6.0 1/hr 
ELECTRIC 8,297 KWH/yr 3,984 - 15,666 KWH/yr 

These figures can not be correlated with system head, or 
efficiency, as insufficient information is given in the cables. 

TypicaliLy, if the prime mover is LS diesel, tue engine would be 16-18 hp, 
if HS, then 12 hp. Thus there would necessarily be over capacity in the prime 

(b) :faster Plan for Rural Electrification in Pakistan - Sind Province, 
Baharalpur. 

(7) Private Tubewell Development Project, Working Paper for the Review 
38
 Meeting, World Bank, April 1987, p. .
 

(3) Private Tubeweli and Rura lectrification Project, Reconnaissance Report, 
FIZAC, ',lay 1984. Rs 200/acft in L983 rupees. AtL 5. inflation rate, 
Rs 255 .n 1988 rupees. The model's cost/acft (HSD) is approximately Rs
 
287/aufc.
 

i9) IAural -1eUtrificaCon Master Plan - Saniwal (Ref 150). 

E-4
 

N. 



mover, although not necessariv n tcn! .ump. :"ct "'otors -ome L: a MUCn
 
broader range of sizes, parcicularly It the lower Ip ratings, and thus in this
 
range an electric motor can be a sized more appropriately for a I Cusec
 
well. However, 15 hp is the most common size 
for e1i -rric motors in
 
tubewells of this size, since many farmers still ippar.-i .,,ne-lieve 'Dggeris
 
better and will pump more wacer. In addition, the oversized motor is Less 
likely to burn out, and the marginal cost .)c tne icddicion rated hp is
 
relatively small. For the pronoses of tnis 
Model, tue Cost structure of the
 
tubewell is assumed to be constant regardless )f prime mover choLce (LO).
 

Efficiencies of tubewells are 
very Low due co a variety of ractors in
 
addition to the over-sizing or '-e pL7me mover discussed above. Pumps are2
 
often not sized properly for tne -usec delivery, head, or hp )r the cubewell
 
for which they are installed. In addition, the suction and discharge pipes
 
are frequently not installed correctly creating unnecessar- rictonal losses
 
and increasing rhe total system head.
 

A variety of operating and maintetLance issues cai. also decrease the
 
efficiency of 
the diesel engine. The most common problems include, operating
 
below rated speeds, and at loads well below rated capacity, improper
 
lubrication, low coolant water temperature, faulty injector, 
etc. These
 
factors can increase diesel consumption for a given load by a factor of two or
 
more (11.).
 

Electric cubewells suffer from the same 
range of ills discussed above for
 
diesel tubewells. With electr-fication, however, another sec of issues is 
raised. Tubewells represent about 20% of coral demand for electricity, and 
23% of peak demand, with very wida seasonal variations. Some sources have 
suggest that tubewells could account for upwards of 70% of ru'ral demand during
 
peak pumping periods. Thus !oad management becomes a major issue for rural
 
electrification.
 

Electric prime movers are preferred over diesel because operations and
 
maintenance are substantially easier. 
Diesel engines car, be difficult to 
start, require regular inputs of uel oil and lubricating oil, and are messy 
to deal ,litn. ElectrLc motors, on ne t)cner-iand, -acuirea on'. --. tZ-
svitch to start, and require much less maintenance. 

(10) There s a small variationi in transport costs between diesel and electric.
 

(II) Ref i9.
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The major problem with electric motors is the unreliability of the
 
electric supply. This has two consequences. First, unplanned interruption of
 
supply interferes with irrigation timing, and 
mean chat electrified cubewell
 
operators may have to maintain a backup prime mover, either engine or 
tractor
 
PTO. For the purposes of this model, we have not included the cost of a
 
second backup prime mover based 
on the simplifying assumption that tractor PTO 
is available as part of the overall farm system. Second, voltage f itl,,ar lons 
can burn out motors. Part of tne farmers' rational for over-sizing motors is 
greater protectLon against burn out. Once burned out, the motors can be 
rewound. This cost is include in 'other O&M' based on rewinding the motor
 
every otner year at a cost of about Rs 2,000. However, poor quality of
 
materials together with improper rewinding often lead to motor efficiencies
 
far below the design efficiency of the original product, and thus the real 
cost of rewinding may be significaitly greater than that of the rewinding 
itself. This together with the installation related inefficiencies and low
 
power factors due co over-sizing can lead to very low overall system
 
effi cIencie .
 

For a typical tubewell, however, such as the one described 
below the hp

requirement is in the 5 - 10 hp range. if the prime mover 
is sized correctly,
 
the capital cost is reduced. with in the range of 50%-100% loading, the
 
fuel/energy-consumption per hp.hr is 
relatively constant. However, for an LDO
 
diesel under the pcssible conditions, the turn down appears to go below the
 
50% loading which leads to diminished efficiencies, and thus higher fuel
 
consumption per hp.hr within this 
range. At lower system heads as well, the
 
loading may be fail below 50%, 
and the prime mover efficiency may be
 
significantly affected.
 

CASE 41: High speed diesel vs. electric (New installation) 

For shallow wells (lift height no more than 15 ft. (5 m) the pump and
 
prime mover are 
often both located at the surface. For most tubewells,
 
however, the pump is located below the grade, about 
15 ft+/- above the water
 
~ The fullowing is an illustrative example which is the basis of the
 
economic and financial cost model presented below. The physical, financial 
and economic parameters chosen typify many of the tubewell installations in 
Pakistan, and provide a basis for understanding the benefits and cost of 
electrification for tubewells (12):
 

(12) This is for the 
Punjab and Sind which ,ogether accrunt for 95Y of all
 
installed tubewells. It is drawn from interviews with FACE, ACC, and
 
Dr. Khalid of Faisal University and the Farm Machinery Institute.
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o 	Depth to water 25 ft. .8 m) (L3) 

o 	Pump located i0+/- rt below grade
 
o 	if the prime movei" Ls diesel, the engine is located at the surface,
 

with a belt drive to the pump.
 
o 	if the prime mover 1-selectric, the mot.r .s generally Located with the
 

pump.
 

For a water demand )f I cusec, ind a system head of 35 ft, the pcwer required
 
would be about 9.2 hp for diesel ana 7.2 hp for electric (14). Tubewells
 
commonly range from 1/2 cusec to L L/2 cusec, and I cusec was chosen Aince it
 
seems to be prevalent. 

CASE '2: Low speed diesel to electric - Retrofit
 

The case for conversion for an existing 18 hp light diesel ).I pump-set to
 
an electriL pump-set is examined. For this case, a 15 hp is assumed for the
 
typical example, and a 10 hp motor for the potential example, as it would be
 
sufficient to handle the load under typical conditions without being
 
significantly oversized. The fuel and KWH cost, and the (&M 
cost are
 
calculate in the same manner as in the first case. The capital 
cost
 
calculation for the retrofit includes the value/opportunity cost of resale of
 
the diesel engine, the cost of a new motor plus the cost of re-fitting the
 
pump with a high speed impeller, and new transmission.
 

CASE #3: High speed diesel vs. electric - Retrofit
 

The difference between this model and that for the HSD/electric comparison
 
is entirely in the basis of the annual capital cost calculation which is
 
similar to that in Case #2.
 

3. Load Management
 

Electric tubeweli pump-sets, and in particular, tne motors t__nd ro be
 
oversized due to a) farmers' belief ti a---bigger prime mover w°ill mean more
 
water, b) the unreliability of the power supply, and c) the relatively cheap
 

(13) 	 This is typical of wells outside the command area, and 
falls within tne
 
top 28% of wells wirhin the canal command area.
 

(14) 	 This reflects the difference in the assumed prime mover efficiencies.
 
The model assumes that the pumpset is operating at capacity while in
 
operation, which may artificially increase the fuel cost calculations.
 
This increase will be mitigated to some extent by the reduced
 
efficiencies at Low loadings.
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incremental purcnase cost )f Larger ip notcrs. In general, the load factor of 
these units is low. This LiS I result o oau cnaracteristics, as well as
 
motor design. On average, 
Lt could be reckoned chat between 15% to 20%

additional KVA capacity could be 
freed by .mproving the power factor on these
installation to between 351; and 90". this c-ould be done by WAPDA, or the
cubeweli owner (operator) 
 fitting . suxtabi; sized capacitor to the motor. 

In addition to improvLng the efficiency Jf thiese instaiiations while 
operating, tubeweli 
load should be snifted off peak. This could be 
done by

either interrupting supply to these tubewelis for the peak period, and by

installing double 
tariff meters. The interruptible tariff 
should cocntaia a
capacity (low power factor) surcharge, a 
tariff which already applies Lo 31
and B2 industrial users but 
explicitly excludes tubewelis. 
 In the US, this is

done by installing time-swi ches 
to the meters and only recording maximum
 
demand during 
nominated peak periods, providing financial incentives for using

electricity off-peak, analyzing pump-set efficiency to 
determine how overall

efficiency can be improved, and 
lastly by examining the water usage and

farming system to determine if the 
 farm demand for water pumping can be 
reduced (15).
 

4. Water Demand 

Direct energy use in irrigation can be influenced in two basic ways. 
First, it J.s possible to Increase the efficiencies of the pumping systems

currently in use 
or contemplated. This is 
the operating assumption behind the
 
calculations above.
 

Second, 
the total amount of water used for irrigation purposes could 
be
 
reduced by modest changes 
in the agricultural practices. 
 This would require a
greater understanding of 
the ecology of 
the farming system. Traditionally,

the solution to low apparent productivity and droughty conditions 
has been
 
irrigation together with petrochemical inputs (fertilizers, pesticides,

etc.). Irrigation while it provides 
short and sometimes medium term

improvements in productivity, does 
so 
at the cost of increased cos, of
 
production, and does 
not address the fundamental problems. 
The response

ihould be is better soil management. Irrigation, In fact tends to create a
number of problems with the farm system, most of wnich are now increasingly
evidence in Pakistan. These are water-logging of soils, 

in 
salinity, both in the 

root zone, and in the surface and ground water, 
and much increased loss of
 
nutrients from the root zone (16). 

AJthough there are several projects which have and are addressing the
problem of water losses 
for the canal, and on-farm irrigation systems, e.g.,

evaporative Losses, and seepage 
losses from the distribution ditches, there
 
has apparently been very little, if 
any, attention paid to the demand 
for
 
water by the cropping system, or 
to what changes could be instituted to affect
 
this demand.
 

(15) From PG, & E Agricultural Load ManagemenL Program, and (ary Kah 
(personal communication)
 

(16) Ref Sec
140, 2.1.1
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tNlA............. .. 'N"
.. .. 
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F1NANCloL;ECON0MIC ;,NALiSIS OFTUBEWELL PRIME MlOYER COSTS *0-u~B


CASE Q: Lc1Speed Oi"-l i:lont diesel o: vs, Electric -Retrofit 3 Ph 

schr !'(10

Lift heiqit: 2.ft
 

SDi e cuseC 

-uction/discharg: Ef fic. 0 . 1 25.07 70.01 
Sys e Head 3r5.7 ft 29.4 ft 35.1 ft 29, ftPump Efficiency 55. 0Z 70,07. 55. 01 7l00Transmission Efficiency 80.0 . 85.0Z 95.01 95.01 .
 

M:otor/Engine Efficiency. 17.51 
 22.51 70.0Z 80.0Overall PumpsetEfficiency 5.4X 11.4t 25.61 45.21

Poer Reo. Sh Hp)
iiBh 9.28 hpihp" 5,6.hp . Shp . Ohp5,hp

* E"se: 1Bhp 1B hp'15 hp 10.0 hpi zation (Hrs/yr) 1000 hrs 1 000 hrs 1 000 hrs. 1,000 hrs 
ta 

Utilization rate (0.) 11.4 1.41 h..411 :11.41 +." 

CAPITAL COST: ( 
 ...
Diesel engine life 12.5 yrs remaining Motor life= 8 yrs , 
a) 
-

-
LUis~ont Ra e IECON) Z 10.01 Pump Iisfe 12 yrs 1 (IJDiscount Rate (FIN) - '5.OX Connection : 30 yrs V1 0, > ,J"jForgn, Eich, shadow price factor, 1,0 . . . w4
 

* Forei n exch. content - FEZ Unskl FEZ Unsk LX a V)
.Prime Mover Cost 40 19,Boo 1218b m359,000 ,b0 
 CX. 4 -= 

Prime mover resale value 501 9,900 61,093 I 0 L040
SPup Cost. , 0 351 1,880 1.0 -a 0. viVSLConnection Cost (2) -- -- ! 201 50,750 30% 50,750 w C.- o0aAnnualized Cap Cost (FIN) 1,798 1,107 5,513 4,978 .Annualized Cap Cost (ECON) 1,308 805 5,846 5,427 - U 
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Labor (unskilled) 3.50 Jhr 3.50 /hr 1 0.50 /hr 0.50 /hr 'oa a)wjLube oil (Cost/hr) 60% 4.36 Jhr 2.06 /hr I . - -- - C - S-

Lube oil (ECON Cost/hrl - 90t. 2,49 /hr 1.19 /hr I -- --
Other O&Mihr 5% 1.13 /hr 1.13 /hr 1 0,61 Jhr 0.61 Ihr S... 'a '4-'-0

Annual M cast. (FIN) 8,980 6,688 *.. .,109 1,109 4-. ,.- a.Annual OVfl cost (ECON) 6,504 1 .)
5 325 1,022 1,022 


v 4-
 I
 
ENERGY COST: .L0 (V V)

High Speed diesel oil - MJ/I 38 . '" * '2. 
FuelI(Energ) Consumption/hr 3.73 1 1.77 1 8.3 KWH/H 4.7 KWH/H u E -0
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 = 4' 
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 0. > ×
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>/UNIT 
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GROSS 4BENEFIT, 'ECON) ANNUAL 166' q~ 065<I 

/INIT i.95 iKWH 19?2 /1'WH 

H]OTAssumes that weli cost isindependant, ofpmpe type. 
44 

(2)Connection cost of Rs 40750 bribe of 10,000 plus w.ring of 500.,'

(I Includes fuel surcharge of hs 0.22AJhh '' 

.,
(43 Includes distributionlosses, area distribution charges4

and RE O&MfcostS.r'> ~ 4 ,~4 
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APPENDXF 
ESTIMATION OF RURAL INDUSTRY
 

BENEFITS AND COSTS
 



\i l-iidIX r 

Estimation of RuraL industry 

lenefits ind C'osts 

L. General Description of Small ludiistrtai Users 

As used in these LllustratKve cases, i small rural
 
LndustriaL user o, electricity has i L2 lip motor for multiple
 
uses. In computing the benefits of using electricity, it is
 
compared to the use of i similar sized diesel engine, for the
 
same uses.
 

The alternatives are summarized in Table F-i., are for 

electric prime movers as compared with diesel, used for totals 
of 1,000 and 2,000 hours per year. They are assumed to deliver 
power at the same transmission eff .ciencLes, since both ar

transmitting the power through a belt drive. There are lar7 e
 
differences, however, in the efficiencies at which the motor 
and 	engine convert electricity and diesel fuel into motion,
 
respectively: the electric motor, in the typical c 'e, converts
 

at 17.5% efficiency, while the engine converts at io%.
 

Four cases are presented for both electric and diesel
 

prime movers in the tabiles in this appendix:
 

(I) a typical case, where both diesel and electric
 

systems are operated at customary efficiencies, both 
diesel and electrc systems use belt drives;
 

(2) 	 a more favorable, "possible" case, where both
 

electric and diesel prime movers increase their
 
system efficiencies through improved operations, both
 
electric prime mover and diesel ise belt drives;
 

(3) 	 same as case (L), except that the electric prime 

mover uses direct driver 

(4) 	 same as case (2), except that the electric prime
 

mover uses direct drive.
 

In the "possib.e" cases, the transmission and engine/motor 
efficiences are increased to reflect improved equipment
 
matching, operations procedures, and maintenance. This cost
 

reduction is also reflected in the reduced 0611 costs for diesel 

engines. 

For all cases, the end-use requirements and rated 
horsepower are the same. The pre-transmissi.on power required 

is compurid as the end-use requirements divided by the 
transmission efficiency. This pre-transmintssion power
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requirement is then divided by the motor or engine efficiency 
to calculate the fuel/electricity requirements. 

2. Computation 'ethods 

ie o onomic cap itai 	 Costs are computed as follows: 

Foreign Exchange = 	 prime mover cost * foreign exchange
 
fraction * foreign exchange shadow price
 

Duty = 	 prime mover cost * foreign exchange
 
fraction * duty rate
 

Uns.illed Labor = 	 (prime mover cost - foreign exchange 
duty) * .75 * unskilled labor shadow price 

Skilled Labor = 	 (prime mover cost - foreign exchange 
duty) * .25
 

Total Economic
 
Capital Cost = Foreign exchange + unskilled labor +
 

skilled labor
 

The economic capital costs for the prime mover and connectton 
aeLt annualized and computed separately, due to their dilffezing 
life spans. These computations are not shown on the tables. 

The connection charges are Rs 6,000 for a transformer 
(estimated at Rs 500 per kVA for a 12 kVA unit), Rs 4,000 ror
 
the service drop, Rs 5,000 for 10 m of LT line at Rs 500/m, and 
Rs 10,000 of unofficial charges. 

The method of computing operation and maintenance :'sts is 
the same as for agricultural users (see Appendix E). 

Energy consumption rate is computed as the 
pre-Lransinission power requirement divided by the engine or 
notor effcicency. For the diesel unit, this is then conve rted 
into '.IJ. The fuel consumption rate is based on the energy 
c'ontent of the fuel, given in the tables. Total fuel or 
electricity consumed is computed as the fuel or electricity 
consumption rate multiplied by the number of hours of operation. 

The financial cost of electricity is based on the B-L 
tarifI schedLle: 

Capacity Charge: Rs 28/kW * HiP rating of motor / kWh used 
Energy Charge: Rs .80/kWh 
Fuel Adjustment Surcharge: Rs .22/kWh 
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The fuel djustment ,irc nrge L'; based ,n in average from July, 

1986, to June, 1,917. 

3. Interpretation JI (esuLts 

In the compti ir in of net benefits tn Fables j and I, 
the costs of diesel ire viewed as avoided ,-c-sts when using 
electricity and ace ctere'ore benefits o ijsing electricity. 
Financially, eLectricity shows an annual idvantage over diesel 
for the use r )C ILmost Rs 9, 000, or Rs . 170 per kWh, when 
comparing the typical cases. This advantage is substantiaily 
reduced when ,omparting the "possible" cases, due mostly to the 
greater potential improvement in diesel engine efficiencies, 
and In pportLnires for 06M improvements. 

,he economic comparison shows a marginal benefit of diesel 
over 	eCe:tr',itv for the typical case, and i somewnat Larger 
bene fit C-)r ,1~ee In the "poss i ble" case. From socLety's 
point of view, ,leseL prime movers are slightly prefered to 
electricity, LC the existing belL-driven system is replaced 
with 	 - belt-driven electric prime mover. 

There are greater advantages to the user to reolace the 
diesel system aith an direct-drive electric prime mover, as 
shown in table i J. The financial benefits are clear, at Rs 
LL,031 or 1. 02 per kWh for the typical case, and Rs .45 in the 
possible case. From the economic point of view, this advantage 
Is Less obvious. The net benefits are still positive for the 
typical case, but are somewhat negative in the "possible" case. 

The conclusion from this Illustrative set )f cases are 

(1) 	 It is most advantageous, from both the user's and 
society's perspective, to substitute a belt-driven 
diesel prime mover with a direct-drive electric
 
motor. 

(2) If the diesel system-lm-sa-1lready been optlmized for 
efficiency, operation, and mointenance, there is a
 
slight disadvantage to this substitution. 

t.-3
 



FINANCIALiECONDMIC ANALYSIS OF INDUSTRIAL PRIME MOVER COST
CASE 1b 	 22-,Jun oB
High Speed diesel vs. Electric - New Installation 5:50 FM
 

i " w ' 	 Ed(All prices inPak. Rs) Typ CaPoss Psibe EET Ibl 
E Power Requirement 9.6 hp 9.b hp 19b hp, 9b& ip,Transmission 	 Efficiency-I

ShaftPower.Req.d
E 2.
ency 	 12.0 11.3
-otor/En ine 	Effici 17.51 	 75.0c 70.01' Overall Ficiency 	 60.01 
14.02 21.3Z 
 : 56.0t .Eine/lotor size : 	 68.012 hp 	 12 hp 12 hp 12 hpUtilization (Hrsiyr) 1 000 hrs 1,000 hrs 1 000 hrs 000 hrs
Utilizationrrate (2) 
 11.41 11.42 
 11.4 " 

CAPITAL COST:
 
Diesel engine life:= 7yrs 
 Motor life: 8 yrsDiscount Rate (ECON) = 10.= 
 1Cron
Discount Rate (FIN) 15.0Cn 30 .. -

Forgn, Exch. shadow price factor 1.0
 
Forei n exch. content . ,>FEI 
 I FE -Prise Moyer Cost 40X 8124 8124 1351 7632 . 1632Import duties 	(Included) 26.001 26.00-
Connection Cost 	 --

1 . 26.OOZ . 26.00Z 
, 201 25,000 . 25,000
Annualized Cap Cost (FlN) 
 1,953 1,953
Annualized Cap Cost (ECON) 1,492 	

5 508 , 5,508 
. 1,492 2156 ' , 5 . 

OPERATION AND MAINTENANCE:
 
Labor Shadow Price factor : 
 9


Forqn. Eich. 	shadow price factor 1.0Foreign exch, 	 content -)FE FEZ
Labor (unskilled) 3.50 /hr 3.50 /hr I 0.50 /hr 0.50 /hrLube oil ICost/hr) 902 5.74 ihr 3.78 /hr : -- -


Other O&l/hr 51 0.15 Ihr 0.75 /hr IAnnual. O&l cost IFIN) 	 51-, 0.61 /hr ;.0.61 /hr9994 	 6,034 1 1,109 1,109Annual O&M cost (ECON) 	 6,584 5,666 1 1,021022 
ENERGY COST:
 
High Speed diesel oil - J/I 37.4 .
Energy Consumption/Hour. 
 194.1 MJ/h 121.- NJ/h 
 17.1 hphlh. 14,1 tph/th
Fuel Enerq2) Consumption/hr 4.92 I/h 3.24 I/h 
 1 12"8 	KWH/H 10,5 KWHiH
Total Fuel(Energy)/yr 49231 3 244 1 , 12789 KWH 10532 KWHFinancial Cost/unit i.00/I i.00 /1 11.26 /KWH f.29 /)KWHEconomic Cost/unit 	 3,251 
 73,5I/ 1 1,601 /KWH 1.60 /KWH
Annual Energy 	Cost (FIN) 
 19,694 	 12,975 I 16,052. 1,57 .Annual Energy 	Cost (ECON) 
 16,001 .10,542 , 20,462 1685as I 
TOTAL FINANCIAL COST 31,641 . 22,962 1 22,670 20,131
NET SENEFIT/COST ANNUAL 
 '8971
a 2,71-


S/UNIT .70 /KWH 6 /)H 
TOTAL ECONIIOIC COST " 24,077 17,100.1 	 24 2.40 ....iENEFIT/COST ANNUAL
S'ET 	 I. 1165) '(2 i301/UNIT " I (0.01)/KWH .. (6.2)0KWH 
TOTAL FINANCIAL COST ELECTRIC 2 810 2 810
GROSS BEOEFIT/COST (FIN) ANNUAL 
 1 	 26831 20 152

/UNIT 
 225 /KWH 1,91 /VKWH 
TOTAL ECONOMIC COST ELECTRIC 
 2,311
2 ill231 
 1
GOSS BENEFIT/COST (ECON) ANNUAL 2 1 


/UNIT
. . . .	 . . . .. . . ... NO76/KiH2388 K. . ., 	 "... . . 

; 
. , . I... 
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Appendix G 

Village Rural ElectrificatLon Model
 

The village ,,q;vd in rhpl [IlLrrartvp inaLysis consLtq K 
300 households, Q( which QG are low income, L80 are middle 
income, and 30 are igAi income. There are 30 tubewelis, 3 
small industries, and 30 commercial establishments and 
community connections. The village is 3 km from the nearest 
llkV Line, 3nd the average Length of LT Line required per
 
CUStOML is 7 Mn.
 

A number of assumptions were made concerning the 
penetration rates Cor each ,ustomer class. These ire shown in 
the table beliqw: 

Use r :tLKimum Year of kWh/ Tariff 
rype Penetration Max Pene. Year Class 

Households
 
Low [n-ome 50% 5 240 A-I
 
lid Income 75,/ 5 540 A-L
 
High Income 75Z 5 1800 A-I
 

Farmers 
(TubewelIls) 40% 6 8300 D 

Rural Industry 67% 5 12800 B-I 

Comme rc ia 1' 
Community 75% 5 500 A-2 

It ,,q frther assumed, for these analyses, that the
 
totil fCor these customer types did not increase over time.
 

On the basis of statistics related to Sind (ref ), almost 
80i of the settleraents, and 40% of the rural population are in 
settlements with populations of less than 200. A sensitivity 
analysis was thcrefore conducted to determine the relationship 
between village size and the economic viabililt, of RE. The 
results of this analysis are illustraed on the following 
figure.
 

While this analysis was carried out with tLlastratLive data 
only, it does serve to demontrate that there is an apparent 
threshhold of population below which the ecomonic desirabliLit' 
of RE drops precipitously. On the a'companying fQguue, this 
threshhoLd is at about 50 households. Since the establ ishnent 
of this threshhoLd will effect the electrification of a V.rge 
number of rural households, its determination should only 
foLlow a careful and detailed analysis using statistically 
meaningful data. 



nc ti) determine ofirdtr whlich the village or settlement 
ciaracLeristics are in aimportant statistical sense, 57 test 
cases were run. 
 In each case, different inputs were used 
to
 
reifect (I) differing distributions of income among households; 
(2) differi'g numbers of ttibewells, rural Industries, and
 
commercial customers; (3) distance 
 of the village from the 
i e ire t LkV i Lie, and (4) population density of the village, 
is reto icc ted ii tthe averige length of LT line length per 
custoerno. The net economic benefits per kWh were used as the 
.measure of econom4c viability of elect lf> ing tile village. 

.4hen these >/ :ases were completed, the results were used 
In -step-wise multiple regression analysis to determine which 
of the inputs iav e t most Influence on the economic benefits, 

The refult, oi this anaIysls were that (I) if onily small
 
industries in vi Lages ire couiltel, roughly 50% of tne
 
variation in net beneltLs 
 among villages can be captured (the
 
number of small was in best
industries fa( t the "predictor" of
 
net benefits of all the inputs); (2) if both the 
 number of
 
small industries and tubewells are 
 counted, about 77% of the 
variation in net benefits can be captured; and (3) by counting
 
the numbers of small IndustrieE and tubewells, and determining 
the income distributions, fully 90% of the differences in net 
benefits among vi.llages can be captured. 

'his demonstrates that, for a first attempt at measuring 
net benefits, only three parameters of a village need to be 
known: the numbers of small industries, numbers of tubewells, 
and the total population, and preliminary estimates may be 
based on only the numbers of small industries and tubewells. 

The analysis is clouded by the fact that all customer 
types have negative economic net benefits. To make more 
accirate and meaningful estimates of economic costs and 
benefCLcs,--Curther analysis-should center around the 
distributions of costs between fixed and recurrent shares, and 
the distributions of benefits among the various user groups. 
This will allow, among other things, for the weighting of 
benefits to specific income groups in order to introduce equity 
as i criterion of village selection for electrification. 
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VILLME DU lGMIC 

Total Rimber o4 .mmtholds: 
Jlssahol d: 

Co e cia- Ind/bjseol didr ConS Pect #4H 

User Types .eqetlt TPe qts, 
S'pIs 
Ftr 

ofall 
H-shld 

*Ls, 

Cust. Y 
User Class Pvetratm Lteyelsiby yeir) 

2 3 4 5 : 

2 AV INCH MZ. D LITIN? o7PLIAhS 601 1 W 0.0 30'1 751 751 75 7 7 7 751 7' 
?AIMX 1114ECD L!EHTI 6 * FIICES 10l .80 0.0! .81 7n 7r1 7a 7 751 1 7 71 7I { 

4 fl.LLS ,"fJ'I 21 b 3.3! 8! 17! 1n 71 421 !01 50! 51! .,01 50! 
jN)US'FY it ;FIR0.01 3 b71 7!it 7l 6! 1 b,-I7 3 S 571 67 n;-
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ms Rs RS Aver, Per ;s :s 
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75 
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24 

44:-44-444-++.44,444 ' 4 4 444 444 

444++4 -4++ 4 + :+ +4+ -4 4-++ ++ '4- + 4 .. 4++
44::++ 


4-4-4y4+ 44-4 44 -,+'+++ ++ + + +44+ ++ + -+++ + -- 4-+++ --- 4 -+-+-+++ 4--- 4



9 "BEOEITS lmith %eights) Page 6. Date:22-Jun 
i- 17:47me: 

Type o4Analysis: EC(DIIIC 

Ye..: 2 7 4 5 6 7 8 0 10 11 12 1' 14 IS 16 17 3 

I LCW lNt UOrf.D LIC4iTl3 +NFFI4E4S (O1I 

Pe ikt /y 17 '5 .5 '5 -T 5 :5 'S M 75 "S' m .z s s's :s
 

*1 ht ed I~, 5'5 3 5 35 M 53 :535 !5 135 '5 5 :5 15 :1 7 
Tota~k8 a 6 16 16 16 1b 16 16 lb 16 16 1b 16 !b 16 16 1b lb 16 !b 
Colncldent Pkioud Fact. 11 4 7 7 1 7 7 1 1 7LoudFactor in eu 10: :4,81 
Tariff Payments , e 6 6 6 6 6 6 t, 6 6 b 6 6 b 6 

Connection Cost$ R5 41 0 0 0 0 0 ' ) 0 3 3 3 .3 0 , ,
Inital C Vt 17 0 10 0 0 3 '3 3} , 3 '3 3 '3 ", 7 
Internai '4r n7 3 0 3 '3 0 '3 3 ' ,3 3 '3 0 '3 ' , ,3, 
TrtjICs., t7 7 6 6 6 6 6 6 : 
TotalC.cnet io und ati vel 671 

2 41' liltQ? {\kY0M.{LD LIE il1.6 * l,((.3 I 
Ee4iit. ,v 66 74 174 74 174 !4 13-4 1 :417A174 1: 4 1 j74. :7 4 '4 141 14 1N 
%ie,ghtpa 017 114 174 174 134 1 4! 134 1",4I3' 1'4 174 1"4 134 134 i4 1:4 1!-4 1.4 !.4 1?4 

Total kh il ",6 7777 733 T. 1 73 7 7 7. 737 735 3.n 73 73 7 
Coincident iW-oei tw 6 7 S? 7 32 32 3? Load Factcr in fear7 32 2 10: 6. - I 
I~rifiPayments S !4 7' :Sa :8 s N~ 78Q 's *19 "Is -S : -1 -
Cnnecti on Cots s a" , 0.- " 3 0 0 0 0 '3 0 3 0 0 A 0 
Initial Cos-t ;" , .I 3 ' 3 ' 3 0 3 '3 0 ' 3 0 0 0 0 0 0 0 
Internal wiring Rs .4 74 3 ' 10 0 0 3 0 , '3 0 '3 3 0 0 0 0 0 
TotalCustoe Payents P 178 !^5 :9 " 78 1 s M :9 39 2 is I'S 'S I 
Totil Connectios [rumilitle&,15 I 5 

3 HIGH INCH 'C]LSOO.L LITIG * 7FIF!PKS I 1000 I 
Seniests /y 3? &3 63 6 63 3 , 3 63 63 63 6 33 3 7636 


Weigbtem &3,6 67 3 ,66363 K 63 67t3 6 76 3 6 3 6z6
!11C 3 6 
Total ki :0 40 40 4) 43 40 40 40 4 Q 00 '0 40. 40 40 40 40 40 40 4. 
Coincident IW-eai i 7 Ii 14 4 14 14 14 14 14 14Lcud Factor in fear 10: i1.A6 14 
Tarill F yrents. 7 17 17 17 17 17 !7 17 7 1, 17 17 17 17 17 1; 17 i7 

.Connection COt ;s 13 13 0 0 k 0 0 0 '3 0 0 ,3 ' '3 '3 '3) 0 0 , 
Initil II II 0 C, 0 0 0 0 0 0 0Costs 
 0 ,0 0 t 5 0 , , . 
Internaliring II II 0 0 0 0 0 0 0 0 ,) 0 '3 " , 3 
totalCustDef Payent ;s 43 17 7 17 I 17 1S2 1 IIl 17 1 17 17 171!7 17 I7 14' 
Total CnnKtIOnS Cuttlat1' e 



ii-4#++++" 
RHM~ OFFWITS tCrgtinued) pao*, att: 22Jun 

s/y 0 1.wfits.17 N N50 50 50 so 50 50 50 0 0 50 . 0 0 0 50
Weihted .4 17 .. 5 0 50 0 50 50 50 50 50 500 n 4 0 0 50 50

total k kWh 0-,8 i715225-L Z 5 Z 25 2525 2525272525 25 7, 
______ _____ w-- . 1b6Coincideni, kM-peak - 16 lb. 6-1,Load Fctor-jp.nYevr-I10137.61----triff Pijib"'', %i 4' 4 <a 9 13 is' I3 13' 13 33 13 13 33 13 13 "13 13 I3"

ConnectIinCosts Rl 0 10 0 10 'o10 0 0 0 0 0 0 0 0 0 0 0 0 0Inital R! 30 10 0 0 0 0Costs 	 0 0 30 0 0 0 0 0 0 0 0 0 0 
Internal Wirino ps 1 1 1 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0~Tota CtDra.W t M' 0 11 4 29 8 3 13 13 33 33 13 IS113 13 13 13 13 33 13,Total
Connectins Icumulative) 3
 

5RW"k'It(TIY %W1Vf 1000 )
MO 
&-efits Rs/y 22 44 44 44 44 44 44 44 44 44 44 44 44 4444 44 44 44 44
Weighted 351 Z2 44 4A 4A444 44 '$4 44 44 4U 44 44 44 44 44 44 4 4.4 44.TotalWh Oh I. 26 6b 26' 26 26 26 26 26 26 26 26 	26 26 26 26 26 2b


Coincident 	iW-ppik N 0 17 17 7I 17Load l0t17.61 117 17 17 17 171 Factor inYear
TariffWPaywts Rs 13276 6 2626262676262 6 262626 2626 26 26 26' 
ConflKtmCosts Ps 15 i5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0nitalCDSts Rs 10 0 0 0 0 0 0 0 .0 0 0 '010 0 0 	 0 o 0'0
lnternal Wiring 9i I I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0"
Total C ostcoer 39 26 26 2 26 26 26 26 26 26 2bPayrentsis 52 	 26 26 76 26 26 26 26 
rotal 	 '2Ccnections icumulativv)


6CMwKIA,. . .. I *F6 IL1E'T 	 I(00 )
Penefits ;Siy 10 1? 19 19 19 139 19 39 19 19 19 39 19 -1 19 19 '1719 19ieighted 153 10 17 39 
 19 19 19 19 19 19 19 19 19 I? 19 19 19 19 15 I
ICU kh 	 , M. 9 1 8.1 .1 9.1 9 1 .1 8.3 9.1 8.1, 1all 6.1, 8.1 9 919 .19.1
Coincident W-eai 2 4 4 4 Load Factor in YearW 4 4 4 4 	 10,26.31 (<Tariff Payrent! As 6 12 12 12 12 I,' 12 12 12 12 12 12 12 12 12 12 12 12 12ConnecticnCosts" As 10 9 0 0 0: 0 0 00 	 0 0 0 0 0 0 0 0 0 0
Inital Costs ;1 A 0 0 0.0 0 0 0 0 0 0 0 0 0 0 00 0InternalWiring Ps 4 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Total Custow Paywts A' 24 29 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 

Connection
Total Icumulative)MERI.) 	 35:7 Om 
- Penits s/y 00 0 00 00 0 0 0 0 0 0 0 0 0 

:
0 0 0 

Weighted 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0,
Totalt~kWhI' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0~Coincident U-peak 1W 0 0 0 0 0 0 0 	 0 0 00LoadFactrinYelot 0.01 

Tariff Paysents AS 0 0 0 0 0 '0 0 0 0 0 0 6 0 0 0 0 0 0 0
ConnecticnCosts As 0 0 0 0 0 0 0* 	 Inital Costs Rs 0 0 0 0 0 

0 0 ' 0 0 00 0 
0 0

0 0
0 0

0 00 
0
0 0 

0 0 0
0 0 

Internaliring s 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0Total Custcmer ayients As 0 0 C, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total CCn tion fcupulative) 	 -0 

. .TOTM.S .45 .45 345 .5 25 345 34 
Fenlits 1000 R/y 147 311 31. 3279 329 45. 745 A5 A45 2455 545 45 45 !4r ,,S eighted 	 147 .11 711 328 39 345 US 345345 !45 5.345 P5 45 ,445 s :.45 45 45Nlotal k CD1 81 171 179 179 197 187 197 . 1 187 	 I 10 Wii 171. 	 191 187 167 8 137 187107 187167
Coincident FkiLud Fact. 'R1 9 9 R9?- 4-@1 90.' 90.. 70, 90 90: 

Load Facor-.n.Year 1.0:-. ::-- .. 	 2-Z-7 .--Tariff paypenti 179Ps " 45 94 94 ; 99 96 102 102 102- 1r02 102 102 102 102 102 102 3IN 302 1027Connection Costs 207 A . 10 l 0 7 0 0 000 0 0 000 0 00 '00 0Initial Costs IBlA i 92103 0 10 0 30 0 0 0 0 0 0 0 0 0 0 0 0 0
Internal Wiring 0ot
RS 57 00 0 1 00 0 0 0 0 0 0 0 '0.000TotalCustcwr Payients Rs 24 115 94 .l• 99 119 102102 102102 102102 102302 102 102 302302102Total'CCiectuti S CUA iv) . 244 . .ta 
WVofkhit 0 1460 M 244 

1 	 +-H444+44"+44H4++4.444..41 111 ........t+-4++++++++4 1
 

http:Yevr-I10137.61


R' LieH'CotFcrr 	 10 s
 

.... -atr Tp Anlss E C DOICv 	 , a .il0. 	 c4 

WI,+: :.-A:• IMf LFY: 0 :+ Intrnl "Z. 0 1,-:,+0 1: :+0+- 1 0.7 +-0.0 m-0+0'0+ :i 00 ++::7! 00 ' 0.0 0.0 0.0 0 0 : '0.0 
C o n n .1, 0 

110 9onn 0. 20 1. 2 0 ,.0 12,0 12,0 12.0';12.0 12.0 12,0 12. 0 20 .ii:~i HIGHIKKI XE9 Intrnl :0 1 30 1 0 1 0.7 0.0 + 0.0 0.0 0.,0 0 0 O .0O O. 0.0 010 0-. 0 0. 0+ 'M :0 I 10 " M.... .Conn, 1200 1 .7 6 1L 0.71 .0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 '2.0 2.0 7.0 2,0 2.0
:MMLS Intrnl 0 1 D. 1 0 1 l0,100.0 0 0 0 0 0 0 o ' 0,0 0.0 0.0 00 0,0 0.0 0.0 

Ccn 020 I 1 0700M .0 60,60 9.0 9, . 
ML' X Intrnl 1 1 I 0,7 0.0 0.0 0.0 0.0 0,0 '0 0 ,0 0.0 0 0 ). 0.0 0,00 0.0 

5 1 	 9.0 . .0 90 ;, , 
IE(SRY 	 0 !0 0 

,rn. 1 	 1 1.3 1.3C, 900 ;0 1 11 017 0.7 1.3 1.3 1.3 1.3 1.3 1,3 1.3 r1.3 1. II I+ 
' 1 Intrn. 0 : '10 0 1 017 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0,0 0.0 0.0 '; 

7P++ Con n . 12 N0 1 ,",0 1 1 1 0 . 0 .' 1 3 . ' 	 1' 1 1 ' " ; 7. 1 1 .1I 1 3 1 3 , . 3 1. I1 3 1 3Intrn. 0 : A') 0 1 0,7 0.0 0.0 010 0.0 + 0.0 0.0 0.0 0.0 0.0 0.0 0.0 '' 0. 
Com,. 0 1 ,1) : 0 1 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0: ' 'Total Intrnl Cot.! Ps 0.0 0,0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0. 0.0 0,0 0O.0,:'ii

i! : lotil Conn, Cc.ts As 11.3 25. 6 25.6, 7 .6 '4.6 "1.6 31.631. 11.6 316 , I.b '-1.6 1.63.h6Total C-apital 	 7', 1 79.6 31.6 31,8b .1I. . -11.6Costs FS 37 11.3 25.6 ?5.,29.6 ., 31.6 31.6 31.6 31. 
DAL Costs As 1 51 c;K€.t 112 1 5.3 12.1 12.1 1.5 13.5 14.? 14.914.9 14,9 14,314°9 14.7 14,; 14.7

.TT ITI: T s • .? 1 16.6 38 38 42 42 46 4 -46 46 +46 -t 4 £: ++
Average Rsibih 1. '. 24 0.20 0.22 0,22 0.24 0.24 20. ,20 0.15 0 1c' ):5 +:a,250. 025 7 0,2c . + r 

Fiied Shte As/Ir I I 1 0,16 0,14 0.15 0:15 0.16 0,16 0.1; 0.17 0.17 0.17 0.17 o,7 0.17 0.1 1:0,17 + ... turrent ShRs/kw I I 0A 1.' 0.07 0.07 0.07 O.060.08 O.06O.080.N O'Oe 0.00 ;O0.080.00 0 M eB +:ii 
;ii ,.R-k... 90 in yeg 10 lessaq 16 N, FPIM' ; .+::+ 

LT1111kv Rs/km I 7M 1 .0 1 75 1 0.7 8.8 9.8 Mi 9.8 8.8 8.8 B 8.8 A ,88 8.8 8.8 M 8,1 8. 8L+.: 
Ndo.of Nc- PLW IN Cu stDw 51241 

Line Length lDistcw I7 trs: 
Tr~slo mws R~ky I 1 0. 45 4.5 1.5 4.5 4,5 4,5 4.5I "I'• !8 45 .5 4,5 4.5 4.5 4.5 .

XVof eNor-PI 73 at tm 9batVillage:
I RJ?N Cutowsi IMS divef~ity factor) I. .. ' C"Ci s 1 5 f o 16 , 6.2 6.2 6.2 6.2 6.2 6.2 6.2 6.2 6.2 6.2 6.2 +6.2
/,total Vilhat ots R I I I ]L.b 1 19.5 19,5 19.5 19,5 19,5 19.5 519,5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 ++ 

Averge Ps/kvh L 1 1 0.11 1 0.24 0.11 0.11 0.11 0.11 0.10 0.10 0.l0 0.10 0.10 0.10 0.10 0.10 0.10 i
Fi Ied 1bre Rs/kv I I 1 0.08 1 0.16 0.08 0.N 0.07:0.07 0.07 0,07 0.07 0.07 0,07 0.07 C.07 0.07 0.07 :+[ +:;q::0',1+++ + +' " "0 

] 
"? 
++ 

' '+: : " .: : I : I ' + : + [ " + "+ + + / ' + :: + r+ : +--+"" ;+;r + ++ < I : i : + + : " + # + ; + a ; + " q: L~ +-'3: 

+ ... " " r : K " 


DITI $TO 


.' ' . +* : ; "4+ " + " : :" ' ": r ' ; . d + +F " " +'+: .+ ' +"' .L .: :+L+ " : : ' C :+ ': , : ; 
AKA bta Dsane k.100R
 

Trms*S.sa ,,.,- .-'0 0.7 .6
INo 1 1, 9.6 9.6 9.6.% 9. 9,6?. 9.6 9.6 .9. 5 7,+.b 9.6 ?.6:'!i 
+ Rn+ sots Ps I .7 of cst 177 : 14,9 14,9 .14.9 14.9 '149 14.9 14.9 14.9 14.9 14.9 14.? )Ai.q 7 14,. +total k ea Cosf s As 	 '7 : 4.6 4.6'+q6.6 46. 46 , ,846.6 46.6 46.6 k+, b 16.6+ 4 .6 46.6 46.6:-/ 

,7
I 9+ 

Av "egek ;I/:g 0 ,'27 0;57 0.27 0 2 0 0. ," O.l.0 +'0 5 0.25,1 0.27 0.26 P.^4 25 20.25O 0:., . 2". " 5 
,; 	 , Fived ,bate Asiltm + :+ 1 0118 1 M,9 0.19 0.19 0,18 0.18 0.,11 0.17 0,17 0.17 0.17 0.17 0.17 0.17 0.17!

;Kurrent -b ;slko I 1 0.0 M 0.0 0.09 0,IS O.Ca 0, ct M 0. 0c0 0.,COOMa O.09 0.0 .,. "i0.0aii 

IIPk-i= ^61,62-in vear~10 IWO. ;s. 	 . ..+ 
•~~5 	 268+ rrFistd -Shre, s/m I 17 1 1,11 1.47 1.,77:h.0 I .!I I,K 1. 1.!2 1.Q h152 1.S2 1 1. 5 .52 : 

. ... .LbiLht~M R$/6 1 0.,554 t oz.- I.. . 0,55 0.55 0,55 0,55 0,S5 0.55 0.5 0,55 0.55 M5 0.55 0,55 1).,5 0.55.... 
Pi/st 1 1 1, 0.61 0,61 0,61 MIb0.61 1 0.61 0.1 0.061 0.61 0,61:*!Low.s €7, lowss 0,61 M 0.061 0,61 

... Average + Ps/koh 	 I i2.l0 1.72 2.08 2.08 2.11 2.11 21.1 2.1:3 2.13 2.13 2.1.1 2.1.12,1.1 2.1.1 2.13 ;: 

T As 39;5 U. 
Ave Lhit Cost Rs/ik i I1 2.72 1 2.74 2.69 269 2.71 M I7 2.7% 2.73 2 73 2.73 2.7 ,'s 2.T73 2.73 2 .3 :2 .11 ;; 

T01;k STS 1; 	 M' 4f8 465 465 512 512 512 51251 52525252 

• •FiYH Shut fRs/iv I 	 1 ,191 1 1,81 Iles .68 1,91 1,71 U :.93 1.93. 1.3.1 Mi +.1,1 111! 1.93 1.91 11I91 . 
: , + Recurrent S Rs/iv I I1 0 81 1 0.94 0.00 0 ,90 0.D 0, 0, oN 0 .0 80 .9 0,80 0 .0, 0.60 0.: 0 ;;

4,.•+!. +4+4++,+4444+ +#+-+++ +4+4+++ 4+,4.... 4 +- +4"	 ... .. 

http:Trms*S.sa
http:0.07:0.07


V5: N:fI,' Tp p4 EC[KhIC $Xs 

Wit 'Pa4ge ,12,20- a $ w W 

t4W t'd! M :, C' 4! 
4 'c"t > : - "11 'Gj .. . . .. .,,5.'. 

Vcar 1 4)! 5 bS. 7 B 9 0 1 , 1, 1') 164 17, -lIB l 

*'1..71 N444 ~~M " Fs. 

:i < ' i " iwt m fi,Flhe :K;els 1 . :. -E14-. ; I S1 I 9 -6 29-178 5 |7345 9 -49"7"7 19 '11 " ' 9 " = '179= 

lWiqg
ete f 90,067 -1; 17 -12?-12? 327129 129 19 129SN - I7-17 32712 -1? 19 -12 1? 1? -17 

WY: c s#'~ I>Nl 

-i Intefra in 9q 0 .06 &, 17 1 7 1 7 1 2 
 1 2 1 
 2 1 P .. ....... . -...- . . ,- . .:!: :.... 77 . .i 
... . lb: j I I 16,1 -. :; 

P.es
W.i _Jt (i 268 . r~ ':;..' : ! 11 ll/" 2 > 32,45 345 5 74. 2. 5 !.5 "..:4 "34: 475 .. q4? 5 W, 5T
 



------ - ---

4ibeToa i cueoli 

L e Toyp&e ofV :tr iqtiods HihdCsSO 

4I'EE(LLS L?"Pll I b 0.01 87,171 2n. 7,11471 51 c0 0 0 01 1 
5 KFLP S7,;i ~ rT~VRI IIt 3 0.0*1 13Z 271 401l541 0767-1671 6T4 671 ill 

6(CKClI 1GHllM I I 21 0.01 151 :CZ M5 601 M5 751 M5 7", 7,1 71 
IjT1rI fit 0 0.01 15Z !OZ 454 601 751 751 75 7SZ -y"t 

Custvie costs Side Costs 

It *ee Rs Rs Ps Ayer. Per As As 
PKc~e ;et ~on In; Nt tariff Conn.C Con NW Intr
 

Vser Tp-cso K yFco rg1* CstRsJ6kitDrq. FAS Chrrq1 iWg
 

ILClW IC W.EKEJ 5,15 0.17 240 0.65 1200 250 500 0.3'9 0 1200 0 
2 41 CDE fl.EHJJ 90 O.7&540 0.65 1200 M0 7500.39 0 1200 0 
3H194 lKW~ NEOJU. 7669 1.00 1800 0.65 1200 1000 1000 0.42 0 12D0 0 f 
4 TLUC1LS 21600 8-10 m3 0,65 10250 500 10000 0.29 24 0.22 40250 0 
5 Uk INDUSTRY :%600 12.8 120M 0.65 1500 500 10000 0.60 289 m00
 
bmKWIX M 0 ! 0.6!1 120500 500 . 0' 1 I 0124 540 

7DTOE 0 0 0 0 0 0 000' 0 0
 

A1a.Fenetir. 
User Type, LevelsA
 

W ofSensitivity 41alysls:
 
1 L(NCe XISMD ".1t ;ercenage of M'atirus
KX 

2ATElNtttK M(LUID 751Z feiitriticm khieved:
 

4 TLUWI.LS sclz
 
5RUFA DOW4JSRY 7
 
0 M "C L/C14/DITY 7S51
 
70:iFJR 751
 

ELLCTRIC 'r!.FL? C'ST KFUTF: 

Cst Change Factor; I.N-I iscount Rate, 151
 
rcwE Factor : 08 Ifirylg & grid ... s tiranswcrs, w ke DsriutaL1
 

£c~iuicLif of arnctassDistance c4 11kV Line a 3k3
 
EcnecLf4Cnetosand Wiring: Years Cost of It ky Line I:9W0 ORs
 

(0t Percentage of Csstoee Capital Costs: * "Eyid Sbstition Cost, 1000 ;sittva
 
FETransaissicr 0Fs/v
1 of os"illaGii Distributism ~1Cot 1 

2L 11k11iv 7m700S/k3 
Line Length/Ciscaef, 7 ete's :neriticn andTransAissmci Costs:*o 


Transforwei t, :1 ! Xi R5/kva, 641 CapacChuarge a 52N RS/6W
 
CIAfCosts I - 1of VEcit! * ergy Charge :0.2231 Rs/Wh
 

... Enriy Ohigie Grwth Qte a 01
 
is. i~enot:Irut to whichthe Coit,ne Fctris Applied DistribtionLoiEle 91x
 

J 

http:TLUWI.LS


IER TYPES I L0U IWf tgaSE l) I Paun 

Pe Ulser-Year 
Gross Benefits or Sains 525 ; 
Electriciiy Whe 270 1i

___:'vnq/: ------- in .mo~in calculi n ttal 64 Usk,'
eak Load 


Uincideu'ce Fctc, 

r2 0.17 

-L 

IrL-IYI0V~. L',R W~iT T?E FAUEM~5 ~ 6? 1 I I2I 4 6 1Year 0 1 2 1 4 1 1 7 1 1 

Lser Fenefits I Fily NJ5 '25 5 525 :,5555 v2 515 !25 525 r 5 525'I 525525 2 5 2 25 

i4er I &6c,*hRate/Yr: X4 
flu'ber of Potential LUsers: 10 0 90 -9D 4-1 1 90 70 ;0 0 ^7o;0 90 0 10 10 0- V, -o0 

Con;tm IN 10z 01 401 r501 501, 5015.3 501 I~ Oz N1 01 0z Ox Oz (X vi. oxj
Cloflfectims.! 9 q Q 0 0


totalConnections icuculative) 5 1 
 27 76 45 (5 45 45 45 45 45 45 45 15 45S45 -j 'S 45 

FENEFIT LCK(MECLASS iW FECIDcJ' I IC-O ' I IEeitIKel I9 
119 242 4 2242 24 242424 174 24724 24 24 2 

Total W 1 ,6 1 1 I t 11 11 I!i 1 1 1 1 1 1 1 11Coincident U-cii kw, 1 2 31 4 5 5 5 55 51 

U3a iYFE: 2MTE I(9)SOLD Page 2,IKUEI 10-Jun 

MU1IT TiFE: LIE4fT1] 00:24
* WFLIPCE35 

Per Usef-Vear 
EroSS Feieh tcrsi~qS ;90 1;5/y
 
Electricity Lice 1440 1 60y/v
 
PeAkLoad .6i
 
-oincidence F~cic .6
 

IW.L LENI VRk 1rFT T 2 3 4 5 6 7 8 10 11 12 13 14 IS 16 11 1 

ErFleiit1 ; 97o 5;0 qqo M5 59 950 5 5 990 ;70 0
910 q7O 950 M M M~;,40 ;; 

lirber of Potential Lsers: 160 ISO ISO 120 ISO ISO 180 160 180 ID01134 16 loO eOlOc),120 w 1i 100&)H 

t Conncted; 15Z .7) 601 751 151 1 OZ451 751 71751 751 OX H X 0 O 01' 01 O 
d e V~~ii2727 27 27 27 0 0' 0 0 0 
lklCnetoiultv)27 54 91 108 1IS 15351355NZ5 135 1.,5 115 1:5 1555175 M' 1~rZ 15 13;515 

'i'
E (Lk:S KKFlTS (4iv ELECTRICITY IS& I%V0 I I 
Fene4jt! R!/Y SO'
27 S: 1071'. 1.4Q34 134134134 1341'- 1. 4 1. IN4"1[1IN
k29k6) ISta 5873 73 73 7 7:'3 73'44 r3 '73 35 3 7' 

coiricidet 114-ceak W 25 32 '32' "2 , 
'6 17 19 32' 32' 


Ii f 



-

44GrBossiDmflts4'"or S Virs !(YearM;;I : I 51, i : 7'~ B 10 11 1 13 i 1 6 17 1 '<4 

I ~ ~ Ne 4'etI 44.5 	 4 0 

SP Us-Yarpis 	 1 6 M 64 6 4 64 . 4 H 4 64' 4 
TOW VA k4 6 2 2 4 0 0 4 0 40 0 4 0 4 0 0 4 

Ser I Growth RAte/ft: (1 	 ii 

' 
iW-Ptik 	 12i.
Coincidenti: 8 14 14 1 1 4 4 
'4 -foss heneflts or SaivinS 2.6 IM ROY4I NewCmnect 	 wnu 4 40 . 5 4 ' 0 0 0 0 . 

Tot alu nnc22i ive . 4 33 I. 22o2 32 22 22 22 222 2 2 222 2 . 

A Lud KNEFTS; WD ELECTRICITY3.E 3000ItiIR CLASS LEE I I 

ATTErN4"''VA 	 tiFr,IT ? PTM* 

i-l~ 45* 67 0 1L1 134 j 1 17 3 1"4Year: 

2 .6w 7189 21.69421 21.9 11621.b 59 - 759Clef :,eel,fs I ;!yRs/ F? 1.b '41.b 68 216 89 2189 2 :1 . 
'- -.. 	 F.E---------t-- --. ---. 00-:24,- - _ _- - -- + 

tijer-fear. ' i: ::Per 

P-OS..IT- -+~ .T.Y----	 -
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£tJy CF,OUITS 'with weights) iage 0. 	 Date: 10-Jun 

Tite: 0- 24 

hpjm. ULserClaw Penetration Level! iby 	 ie ,r 

Year: 	 7 a 0 I 3 1 : 

I LOWPC -u_ IE~Y 4R IN.)I 	 IV, E 
Eneiit - r 9 14 19 2424 24 2 4 :- 44 4 :4 34 . 

;9 14 19 24 24 24 24 24 4 4 4 N 34 24 34 4 :4 "4 :4 
Total t A 0 II I 11 1 II II II; I I I I I II 1 II IIk 


Coincioent ri-Load Fact. rk 	 4 5 5 5 5 5 5 LvwdFactCr in Year 10: 44.7. I 
la|H y,nts I 3 ) 4 4 4 4 4 4 , 4 4 A 4 i 4 ,: 


Tariff Faywrts 4 4 1 4 
Caneta Coinsts s II III I I II 0 0 '3 0 ) 0 0 3 0 o 
Inital Csts RS 2 5 5 5 5 0 0 0 0 0 0 0 0 0 0 0 0 k , , 
nternl irinq 2 2 2 2 2 0 0 0 3 ') 0 0 0 ,i 0 0 0 '3 0 0 

Total Cu.town aysents Pn 9 i'3 21 2 4 4 4 4 4 4 4 4 4 4 A 4 4 4 
Total Connetcos Icu.,ilativei 	 45 45 

. ,"TOY7. : 1.1;411? WaL!4t 
&t1 ,4 ; ' -1 1 . 134 1 4 1 : 174 134 7.4 1 4 - -1 14 !24 1" ,34 17 


oe.ghte3 K 107 12.4 4 I 34 134 24 134 l 4 114 134 134 134 14 134 :.4 1.4 17,4 
Total KcVh , 37 44 .2 73 73 73 73 3 73 73 7-7 73 73 72. 73 .> ,> 

Coincidet 46-peai kW 14 ,5 3 2 72 ?,23 3?Load Factor inYear10: 36..7. 32 

Tariff Pay ,ts 6 II 17 23 29 29 28 28 "8 A 9 28 N N 2 2" 28 :B 3 2? 
Connection Costs s 2 .7 2 72 32 , 0 0 0 '3 C' V 0 0 '3 0 0 0 0 ,3 
InitialCost, 2 : NO. 20 :0 0 '3 .3 0 ,' 0 2' 0 , ' 0 0 0 , 
InternalWiring Ps 14 14 14 14 IA 0 0 0 0 0 1,, 0 0 0 0 0 0 0 0 , 
Tot Custoer Payientsi. 3 3 28 9 232723979 	 :932392S28 9 92"3 

Total Cannectimns (cumlatiye) I35 17 
3 HIi b(IEKOQ LI W{TIl ,*, I7PCES IVM 3-k.'D 

3ne4its ;Siy 12 26 526 0 4 64 LA 64 64 - 64 64 46 4 4 4 46A 
ht32 I?Q bb M 52 64 64 64 64 64 b4 64 64 64 64 64 64 6 ,4 64 64 

bk 7. 40Total 7 .3 40 40 40 0 40 40 40 40 40 40 4A 43)A. 40k 4,1 
Coancodent . 1W-oeai14 It 14 14 14 14Lead Factor inYear 10: &.7. I 14iW 	 2 
Tariff Fay.ents ;S 7 I0 14 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 
Connection Costs PS 5 6 5 b 5 0 0 0 0 0 r0 0 0 0 0 0 0 0 ,' 0 
Inital ; 5 4 5 0 0 0 0 0 0 0 0 0 0Costs 4 4 0 0 0 0 '3 

Wiring 4 4 0 0 0Internal ;s 5 4 5 0 0 0 0 0 0 0 0 0 0 ,3 0 
Total Custoe oa Rs lb 23 M0 29 17 17 17 17 17 17 17 17 17 17 17, ents 23 17 II 17 17 
Total Ccnnetar.,s lcmulati.'e) 22 

4, 



RWiY Cr '11~(Cn~ud Pag~e Me: 10-Jun 
-Ti pe: 00;24 

L~L P4t~M 10001Nlo 
[Rn4it sly 0 22 22 43 4.1 65 65 65 656565 6.'b5 65 5 65 65 65 &5. 

Weighted 0 22 22 43 431 65 65 65 65' 65 65 65 65 65 5 65 65 65 ES
Total kMKhl 0 9 B 17 17 25 25 25S 25 45 25 25 25 225 .25 25 7-

ConidnJWpa K0 5 5 11 11 1 lb 16 16 1l Load Factcr in Year 10:17.6t 31 

Conecti Costs _ RS 0 10j 0oo 0 0o 0 0 0__0 0 
16tr~vR'~h'0 

_ __ 

0\ to 0 10 0 0 i 0 .o0 0 0 :0 0 0.0 0internal Wrin PS 0.1 0 1 0 1 0 0 0 0'D 0 0 '0\0 0 C, C 0Total cSIDkafFayments As 0 25 4 2? B8 3 13 13 13 131 13 1.1 13 13 I13 1. 1.1 1 1
Total CaMnticw, (CUXu1ative)3 

. 

5 UkneTRY' qTP%9E IO 


1100 

Benefits Rs/y (1, 2? 27 5B 58 58 
 58 S 58 !6 5f58 ca 58 58 5 6 8 S8Weighted. 0 2529 58 5 58 5358 58% 58 8 5 5 85859 5 B"!Total in kl 0 13" 13 26 26 26 26 26 26126 26 26 26 26 26 26 26 26 2Coincident N-peai k1i 0 0 a B 17 17 17 17 !7 17toad Factor in Year 10117.61 1TariffIPaymets As '0 131327626 2626 2626 26 26 
2b. 26 26 26 26 1626 2b
Connntion Costs Rs ~,0 15 0 is 0 0 0 0 0 0 0' 0 0 0 0 0 0' 0 0"' 
Initil costs As 0 10 .0 -10 0- -o 0. 0 0 0 0 - -0 0 0 0 0 (1'Internal Wiri.79 As 0 I 0' 1 0 0 0 0 0' 0 0 0 0-0 0 0 0 0 0Total Cuslt.~r Flyvrits AS 0 319 13 52 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
total Con~tjin Icupulatjve) 2 

.6CD C 14. L194TIN 4FAI6 1000) 
Feefit s/y 4 a 11 15 19 19 19 19 19 19 19 19 19 19 

' 

19 19 191? 19Neighted 4 9 11 15 19 19 19 19 19 19 19 19 19. 19 19 19 19 19 19Total kld 1[kh 2 3.24 4.86 6.48 8.1 9.1 8.1 B.1 6 .1 B.1 6.1 6.1 9.1 6.1 8.1 8.1 9.1 86.1 6.1 B.
Coincident kM-peak kW 1 1 2 ' 3 4 4 4 4 4 4Load Factor.in Ywloi 26.31 ( 3.5
Tariff Payments As 2 5 7 10 1212 J2 12 12 12 12 12 12 12 12 12 121212 1
 

Contin s 4 4 44 4 0 0 0i 0 0 0 0 0 0 0 0 0Inital Cmts As 2 2 *2 2 2 0 0 0 -0 0 0.0 0 0 0 0 0 0 0Internal Wiring As 2 2 2 2 2 0 0.0 0 0.000 0 0 ' 0 0 %10 
Total CustowrPayments Rs 9 11 14 16. 19 12 12 12 12 12 12 *1 2 12 12 12 12 12 12 1Total C'netiOA' uIlatiVe)C 15 . 

7 05a OTIR I I I 
Eenefits ROY .0 0 0 0 *0 0. 0 0 0 '0 0 0 0 0 '0 0 0 0 0

ieighte 0 00 o0,0 0 0 0oo.0o .0 0 0 0o 0' o 0 0
Tota kh 0 0 0, 0 0 0 0 0 0 0 0 0 0 0 0 '0 0 0 0 j
Coincident kW-peak kW 0' 0 0 0 0 0 0 0 0 0OLoad Factor in Yearl10; f.01 

Tariff Payments Rs .0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Connection Costs As~ 0 0 0 0 0 0 0 0 0 0 0 0,0 0 0 0 C0 ,1 '0 
Inital R! 0 0 0 0 '0costs 0 
 0 0 '0 0 o 0o, 0o0 o. 0 0 0 o)
Internal Wiring At 0 0 0 '0 0 0 0 0 0 0 0,. 0 0 0 0 0
Total NstwrPayments As 0 0 0 0 0 0 0 0 0 0 0 (0 0 5'.0 0 0 0 0 

-Total tConKticrn (cumulatiVe) 0 

P~erieits 1000 Rs/y 47 1'47 194 '294 341 362 62 3.6 236362 362 362 762 162 362 362 362 .362 M62 36; 
Weighted - 47 147 194' 294 341 362 362 362' Z62 .362 A62 362 362 362 .162362 362362 362'&Total kili 1000k~h *)4k 1922 112 8226 100 148 174 182 9 182 1 182 162 182 1 1822 12 12,182 

Coincidmnt Pk/LodFazt, kW 11 27 4 63,82 87 67 97 U7 67'
 
Load Factr in Year 10: 23.61

Tariff Payments 464 Rs 12 42 54 '84' 76 100 100 100 100 100 100.100 10 100' 10 10 1N 1(0 100 too * 
Connectcim Costs 213 Rs,, 52 78 52 19 52 10 0 40 0 0 0 0 0 0 0 0 "0 0 0' 

Intat 3 s 30 51 30 'SI 30 10 0 0 ,0 0 10 0 '0, 0. 0 0 0 0;Internal Wiring 74 RS 2 23 21 23 2 1 0 0 00000 00 0 00 0Total Custome Payments fi 94 171 IM6 213 179 120 100 100 100 100 100 10, 100 I0o I C.. I( lIN t10 100
Total CamnechmS (CUAWuYtVi) m
 
(P/of kwhAat I5R 643 1 IONkadi
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Cost Cange Factor 1." Oiswlt Rate: 15ZE
 

Pc rFactor: 0. , 
r-+Pear Dend (kw: SJ atgen101at grid .. .O .'0 0 0 

. 2- 3,1 5,1 121o4, 14o1 
CLGTCI GDCTIYN CSR AD 


RS e Lif '.. Factc I(oos,
Coit 

rC IK . .... Intrn. 0  0 0.0 0.0 0 , .0 0,0 0. 0.0 t. 0 0- j V r, 0.Con. 1200 .3 I .,3 49 .6 a? .2. .. 8 - 8 L 

IrMOD
i. iNMME H In rnli 00 .0 ',50.0 0M 0ti, ( ~ o O 1 u.. 000 
I.7 - 24.727 717 47 24.7 24.7CM, A0 .q 9.3 I.EI. 2.72.7 2.7-27/ 


HIu'i INXVE O U Intrnl I 0. 0.0 0,0 0.0 0.0 .0 0
0 '0 0,0 0,0 0 (1.0 0,0 O.u 0 O 
Coqn 120 1. 0.7 2.4 4,0 4.,0 4.0 4.0 4,C 4.0 4.0.0 1.6 .3 .4.0 4.0 4.,0 

VRZLS Intrni0 0 " I 0 1 1 0,0 0.0. 010 0.0 0, 00 0 0,0 0.0 00 0.0 0.0. 0.0 0.0
 
Conn. 40250 301 0.0. 6.1 6.112,.3 38.4 18.4 18,4
'12,3 16.4 36.418.418.418.4 18.4
 

URtil INT4ISTRY 1 0.0 0.0 0.0 0,0 0,0 0.0 0.0 0.0 . 0.0 0,0 0.0 0.0 0,0 0.0 
Conn,90o0 .3 1 0.0 1.4 13.4 2.7 2.7 2.7 2.7 2.7 2,7 2.7 2, 2.1 2.7 2. 7 

ar'ferIAt. Intrn. 0 3 1 0.4 I 1 0,0 0.0 0'0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0,0 0.0 
Conin. 70 1 '3 1 1 0.5 1.1 1.6 2,2 2.7 2.7 2.7' 2.7 ,2.7 2,7 2,7 2.7 2.7 .2.7~1200 


O., ri lntrn. 0 ' 1 0.0 0.0 0 0 0,0 0.0 0 0 0.0 0.0 0.0 0,0 0C' 0.01 0 0 0,0
 
C--. 0 70 0 1 1 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0, 0.0 0,0 0.0 0,0 (0.0 0.


Total Intrnl Cost! ps 0,0 0.0 0.0 10. 0 0.0 0.0 0.0 0.00.0 0.0 0.0k0.0 k0.0% 0.0 
I79 -0.8 21.4 1.37468. !4,7 60.8 b.6 ' B0.8 .6 6 . .6 60.e p.6
 

lotai Cipita1 Cmts .' 7.92.4 31.~ 'N46.8 514.760,B.8'6 k0.B,6~ ,~8 60.2 6C,.6.8
60.86 60.6 

M Co-sts ' s 57,S o4K cst ; 91S1 2.6 7.710. 3 15.417.920.0 :20.0 20.0 20.0. 20.0 20. 0 70.0 20.0 200
 
TOTALTI5 ;.s w ,MIS 10,4 31 4262 738. 8 H8, .BI BI 0 81 861 61
 

-,Average ARIkh. 1 . 0.4 I 0.41 0.42 0.42 0.42 0.42 0.44 0.44 0.44 0.44.0M4 4;.0440. 440, 14 
Fixed Share ik0,. .330 ,30.3 011 0.32 0.31 0,Z0.33 0,31 0.3 00.3 . 0 3 0.33 7 
Recurrent Sh;s'kw 1 0.11 o0.10 o0.100,0 0.10 0.10 0.11 0.1! 0.11 0 1 0.110,31 0.330.1)0.11, 

.4 ..- kw 67in year 10Is ag 16 kmU wj 4I 
VILLAE OISTRIE4JT1C(f 1000 Ri, 

LT l 11bt s/ke 7000 1 102 16.3 16.3 16.3 16.3 3,23 16-5 16.3 16.3 16.3 I6. 16,3 16.3kv , 7 30 1 

No, o " I s: 219 ...
Non Custo 

Ln . .'.sto 7 eters h
Length/ e 


Transfrmer s Rviva 1 500 1 055 
 1 I 8 . 888 .66 6.8 8.6' '6.68.8 8.8 S.B 6.BM .8 8.8 

Ftilf 

O& Costs ;5 1 5'o4 Kcosts 52 . B, 8.3 .3 3 6.3 6.3 8.3 8. 

6of Nonm- NCustomes: '71 at gen 39.at village 
6. 6.3 8. 6.3 6.3' 6.3 .3.3 


Total Village Costs Rs 209 ",33.55 3 3 ,33.5 33,5 3. '33.5 3,5' 7.35 73.5
35 3 33.r5 '\..5 7-1.5 
Average Rsih 3.31 0. 0.19 7 70,1.6 0 0.380.25 I 0.45 ,4 0.23 .0, .180.16 0.3 , 0 , 7 0.18 

Fixed r Fsi 'Shire 019 1 0.99 0,124 0.17 0.14 0,14 0.34 0.140.25 0.15 0.140.14 0.140.14 0.14 
Recurrent ShRsilwI 0.06 0.32 0.11 0.06 0.06 0A0 0.05 0.05005 0.05 0,05 0.05 0 .0.05 0.05 05.(
 

.DA ., -ISTRI.... ..... Distan.ce . , . 100 Ps 
11 . Line. 99000 1 ). .. 2K 45.2 45,2 45.2 45.2 45.2.45,252 45,2 45.2 
Trans+Substati sikva 1 1000 30 I 120 1 1 19.2 'I9M 19.2 19.219.2. IM. 19.2 19.22 .'1I .213,2 19.2 139?.2 
MCsots , s 51 ofKcst 132' 21.323.1 21.1 23.3 21.! 23.21,1 21.121.1 2.1 23.31 21.1 21.1 2. 

Total CN ;s1 535 1 8S.85.5 @5,5B5.5 65,5 '85.5 85.5 85.5ve ts 5.5 B5.5 85.5 5.5 65.5 85.5 
Avrit RS/heh 1 0.A 1 3.35 3.1b 0.66 0.58 0.49 0.47 0.47 0.47 .0.7047 0.47 0 ,47 0.470.47 

Fixed Share Rsileiw I I 0.46B 2.52 0.67 0.65 0.43 0.37 0.35 '0.75'0. 5 0.3,35 "0.3Z 0.350.3\5 0.35, 
Recurrent ShRs/kw 1 1 1 0.16 1 ' 0.63 0.29 0.230.14 .0.12 0.12 0.12 :0.12 0.12 0.12 0.12 0.32 032 0.12 

9DUTIN HlTRWSSIDI COSTS 
44Pik*vm 67.19 in year 30 1000 Rs. 

PfT CpAD 520 I3 37 50 6569 696b96969 6969 6969Car ~/Wi 7 309 22 
-Fixed9ae Rs/kw 0.37 1 .0,30.29 0.370.340.37 0.78 0.38 0.38 .0.3 0.38 8 0.3830,38a 0.3 


Un-t~itG&TCost'Rsikwh t 0.223 1 0z I 0,22T 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 . 

v/Dst Losses 1 91 losses 1 0.25 1 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 .; 
111. Rs 1 15 40 '61Gen/Trans 516 66 107 114 114 114 134 114.114 114 114 114-
Averae As/keh I61 0.57 0.54 0.5B 0.62 0.62 0.62 0,6 0 :M , 0.61 .60.62 0,62 2 0.62 00.62 

1000 R1.'' ICTOTAL tCCEW 16271 144 190 1,13 313 1313 .313. 113.9,223267 299 313 313.313 >313 
Ave tkuitCost Rsh'.we 1.93 5.64 2.56 2.22 1.00 1.72 1.72 3.72 3.72 1.72 3.723.72 1.72 1.72 1.72- . 

Fiskd Share Rsiltoo 1,.16I 4.14 1682 1.58 13.26 1.20 3.21 3.231.211.211,231.21 1.21 1.21w 321:'
 
\-"- Rrurrent 91;!, 
 0.57 1 1,500.75 0M4 0.53 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0~0.52 052 ' 

http:0.370.340.37
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QYear: I 2. 4 5 6 7 B 9 10 1L, 12 13 14 IS 16 17 lB. 19 
--w-- -,-

1669nht1(0 Rsly 41 194 3 41 '362 ,162 i62 U, '.62 14 62 7 W~ 362 ~It 147 254 ' 32 36%2 
IEP loo rl ~9 2 - 362 ---2 %2-'67-,12, 2+3b62 !7-- 243 2 362 

3J1 313 31 1 3 3 13 13 13
Total Suipply Costs 1621 1(0 R!JY 144 190 221 2b7 299 3113133 3 1 , 3 1 13~ W1 
1.93 RSAM 5.64 2.56 2.22 1.60 1.72 1.72 1.72 1.7? 1.72 1.72 1.72 1.72 1.721.72 1.721.72 1.72 l.72 1.72; 

Internal Wiring 900.094 " 3 7 10 14 17 17 R7 17 17 17 17 17 17 17 17 17 17 17 '17 

* 0.09 
Totalt istowe Pysts 916 1000 4/Iy 26 61 109 162 169 197 197 197 197 197 .197 197 197197 197 197 197 197 197, 

1:09 .. Rs/6hi 1.00 1.09 1.09 1.09 1.09 1.06 1,06 1.06 1.08 1.08 10 1.06 1.06 1.0 1.06 1.06 1.06 1.06 1.09, 

Payleiits to Utility 693 1000 Rs/y. 20 62 82 123 143 149 149 149 149 149 149 149 149 H49 119 149 149 149 149~ 
0.62 RsJk'i 0.73 0,83 0,62 0.83 0.63 0.62 0,62 0.82 0.82 0.82 0.8? 0.82 0.82 0.82 0.82 0.82 0.62 0.82 0.6 

. td 8eiiefits - Custonter Paytenti 19 66 K-% Q32 151 165 165 06 165 165 lbS 165 165 165 165 165 165 165 165, 

' 154 W AOOs, ; -+'.+.b" . i~+j7+,++-7-,0.69 If'V: I i.0+:: . .. 

(1nwtd Peii,its - Custoner Paybt '19 66 85 1312151 165 165' 165 165 165 M6 165 165 165 165 06 06 165 165 

0.69 0NF: 754 4 100As. '.. 

7/..• :?
':. .
- .Payopits To Rjility - Total Cost -124 -1289-140 -144 -156. -164 -164 -164 -164 -164 -164 -164 -164 -164 16b4-164 -164 -1&4 -l64 

-1.11 ?fV: -934 IO100As. 
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rr.ltjIcr.Or S"3 OFMANALY aLL OPTION Tr0 ELECTRIFY"IL A Es AND rIP.EWELL;
O1STR ICT :OKARA, TEHS IL OKARA (16 .AMPLE, VILLAGE ,
 

PAPAtETERS FOR ECONOMIC ANALYSIS
 

j N D . R " , "" - HO- O " COMMERCIAL GMALL T.UGEWELLS 

" LOU AVG,' HIGH COMMUNITY 

A FRESENT WORTH OF EENEFIT..
 

Gross Benefits/Custobjer 


- PWP ' OF=10% Rs 

(Rs 00)(1 


8. FRESENT WORTH OF CAPITAL
----------------- _--_----- 

-Peak 
 kW Per Customer at
Distribution Transformer 


-Coincident Oemand/Customer 
at Generation Level kW 

- Captial Cost 

a. Connection Cost Rs. 


b. Village Distribution 
Cost 0"1750/kU Rs. 

c.Generation I Transmilssion 
Cost 0/kW Rs. 

Sub - Total Rs, 

PU of Capital (Rs 000) 


C: FRESENT WORTH OF 'ENERGY 

-tUH.Per Customer 


- .C st of Energy
I? 0.60/kh 

-o of Energy Rs 


FRESENT UORTH OF COST 
00 

- 5:5 

5.50 
5.25 

787 

7:37) 
7387 

1982 

10,2 
182 

7000 
7 00 

0 

27600 
,17.60 

16 0 o 
1" 00 

0. 0,47 1,31 0.39 16.74 10. C 

. 0.17 0.36 1.00 0.30 12.80 

840 840 840 840 6300 28175 

385 823 

000vi 
0 0 

1225 1663 

1.,84 2.49 

2293 

Q 
313 

4.70 

683 

Q 
1523 

2.23 

29r 

355"5 

53 39 

23175 

42.26. 

. 

24, 540 1S00 500 - 12 00 

.1440( 

1 44 

3,24 0 0 

,-oPU'3.24 o010.'0 

0 000. 00.00 

3.00 

76$0 00 

76.0 

4980'Ou 

49. 

•Rs 
..... 
701 15 S 

I B M 4..,' " " - " 
':, , 

0 
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CASE 2 EC0N111C N.YS OF ALL OPTIONS TO ELECTRIFY VILLAGES AND TLEUELLS
 
DISTRICT 01FARA, TEHSIL OKARA (16 SAMPLE VILLAGES)
 

TOTAL CAPITAL INVESTMENT, PRESMENT UTH OF C1ST AND PRESENT WRTH OF PENEFITS 
22-iun-SS 

SCiVTIO;" HYJ3E HZf.O SMALL CMi.ERCIAL TUEK.ELLS 11 iV TOTAL TOTAL TOTALNc I1VUSTRY + UOMMUNITY LINE CAPITAL FV OF pw VF-----------------------.-.----..... 


LO V A'ERWE HIGH TOTAL COST C3,;T BENEFIT;
IN:,D E INCOME NCOIIE (Fs. 00c (Ps 000) (ps (',0; 

A rEP. U-- ;S (1'11 

a Cacital Investment 1 IQ 4 4 70 53.1 29 4226 ;00
b Present V1rth of c". 32 573 15 SO 130 19 52 92 06 34 O0
 
c Pre-ent Yorth off nef,It. 5Is 77 1-82 217.60 7 00 1WE3 0 00u(O 

PER VILL,3E (No 

I (*, (I21GD 22? 1 19 394 3 47 1142 25" "" 
C4Ri
C Oil/Go 201 125 17 386 0 41 "022 :20,.SCH. (,I'/GD 73 10 213 2 26SCH ciwn1 16 326 3 
 973
 

;2 Ao0 29 5S 67 
 16,1 ;7 37 S4:3 
; ,ai ?.',2 212 23 572 5 
 1E--C
 
SKh ;"-. .. 51 1034 
 9 1"3 "C:S7'

C Ottval H! 1acar10 137 2 24 6,' 13:7027/GD- 0 .,5 21 420 3 5(
I Hp 01 /GD lA 3A 13 2.4 2 30 

12.. 
741 "diII U.4 014/GD 
 2 SI 69
552 5
I: . Fl ('11/IF ."0 [1713t:4 lqI? 330 45- !113. . :, 

VJ CHA3. 012/IF :46 1 21 2h 4 5" 1270 2317
IL CH OI/ 7; 17S 24 A74 4 S" 13?; 3'093 
IS CAl Ol(/P1 2e 153 21 ,21(671 50 121(, 

PEP TL.E ELL LOAD eE 
c: ltl'.ll , (FssI, (,.; ,(7R 127 
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WE 2b ECtOIIC ANALYSIS0 ELECTRIFY CLUS3T-S OFVILAi;S
DISTRICT OKARA. IEHSIL W&ftA(16 SA.'PIE VlI.AG 5I 

ECGOIC BENIET-COST RATIO BYCLUSTEROFVILLAr S 

Sr alSIJ No I (FTI,44 FRiA 10 41 LI'NE CLAITAL COST (RS 00) F4. (Rs (.1) -s (R5VIILlt 45: C)O1 NFr FATI0 .. . . . . . . . . . ... . . . . . . . . . R If* : 
a LIff VILI.Li T0TAL LINE VILL7C/ TOik LIft VILL./ 10TL t7 s Wpj CCzIII%-1E]L T ;.. T"E
ELL ',; *ELL 

CILGSTEFI 

I I I 0 I 0 .43 . 1142 1178 M 2K1 2W , ,1 .{1 11 i ,. 11II I 11 C3 16. 719 IK.6 : 2 .oS m.; 

"LUSTEROA.a 

12 3 12" 2 147 H1OG 12. 221 24.2 2673 3,A j 17 73113 3 12 13 1 448 81 1270 1351 122 ,,17 29q 0 1 4l43 12'. I 410 61it 3 12 1 1 609 90 13 14,06 135 93 3L18 ' .35 L5?. I247 I er 0879is 1 13 Is I 981 ill 1210 1321 167 2674 112.4 0 2%7 2X?77 1C; I 375 0%7
CLUSTERTOTA 7 3 423 498.4 Q.1i3 6 1106 11 1 0 - 17 It- - -,- --- - - -0 

CLUSTER 3 

3 6 I 0 6 2 %13 159 1692 1852 2s9 3748 >07 0 §8, 5.u2 1S;6 , , .19.3 2 6 9 3 003 168 Im 1376 2S2 .6.9 '2. K ", :r0 1 :711 
I' 2 6 IC0 29~5 6015- 711 J-,4 5 -Ii ;64 (I9 2401 S!3 1 -71 

CLUSTERIPL 
 8 76 493 36A1 41314 7,9 6087 S79. C I Ii .C-s'3 i * 727 

7 I 0 7 6 11 3L2 33S8 3401 614 6774 7E 0 C,;13 .3L . I1i4 0 781 

CUSI ERS 

2 1 2 2 033 11 1022 116 171 23 2124 0 C' 322 1 3 7i.13 2 2 3 1 671 105 638 743 1. 1Il2 1,70 0 2(7 ' 5,-.3: 21 ,6244 3 L 1 0 s)) 33 973 1006 50 1 207 0 3171 3171 .4 1I67 0 9N16 1 3 16 I 655 87 109 II.6 131 23 6 .E '.- 711 1 3. 
(:;TER TOTAL 5 (.:) 33 4042 sol {7t n ;, L. 3' I : 

719"n 3712 

IBM E.11{ ".11 
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CA'E 2t, ECONMIC ANALYSIS TO ELECTRIFY CLUSTERS OF VILLAGEE;
 
DISTRICT OKARA, TEHSIL WARA (16 SAMFLE VILLAGES,
 

ECCtC"IIIC BENEFIT-COST RATIO B CIUSTER OF VILLAGE-, 

3r CLUS3TER Nc. i OPTION FR0r TC HT LINE CAPITAL COST (R'. 000) PQ (RE 0001 ~cH 
No, VILLAGE fi,-------------------------- ----- ---------------------------

o )I JE 

k;, LINE 	 VILLAGE/ TOTAL LINE VILLAGE/ TTAL LIE VILLAGE/ TOTAL (Rs 000) 
TUBEWELL TUBE WELL TUEE'W"LL 

CLUSTh 6 

6' 5 2 5, r., 2199 113 1684 1807 165 3737 31 0 -- S 4 ! 15433 

5 14
5 : 2 199 123 600 723 IS"" 1519-'.-1
 

CLUSTEF TOTAL4 	 398 246 2284 2531 369 5071 54I0 0 
 7447 747 207 
- - - - - - - - - - - - - - - - - - - - - --.-.-.-. - -.-.. - - - -. - - -  -. - - -. -. . - - --.-. - - - -. -. - - . - - - - - - - - - - - - - - - - - - - - - --.-..- - - - - - - - - --.-.-. 
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,E: ,C;, fSIS 4 ALL 6cric.4 TOELE-IFt JL - .'0 EE : 
DISTRICT C'AA. TEhSlL ( AA 
16.A"KL VILZl,
 

ECC~,1FC E,,T-CcST RATIO PVILL4.J 2 fL 
 IFFE., ..
 

- -- LL------ - - - - --- - - --- - - --- ..........-- .... - ----.
Sr V1LU,E -% I;I FAC.4TO HTLINE C*ITALCUT )v . ... .....'IRS OCL7 

-- -- -- - - co .. .. s .. . .TLEM.L ..( . .C6k . iF',LO.D CENER 
 J. LI;,ZVILLA, Ei TC.,k LI:6 VILLAGE,16ik V:Je . TTAL0T*.
-L6.L _T..... I.E6EV.L ,A

ILK,.ELL " EEi.L, U I TAL 

IS 
 1S I , IS 6 22 :57 1210 1566 526 27* )2Iv 3%7 "3§04 6 I 1 ,) 
.S 508 213 1210 1424 320 2671 2h47 .) 3hj7 3133 12 I C- 06.
IS 2625 ,47 .113 1357 221 2674 235 u }"07
C, 1012 )",'.1 13 1 I '5a 11 121W 1321 167 2671 572541 -,J 16 . 7"'7 


16 6 I 3 16 1 55 37 163 115; 131 236 2*?6 . 3.9 A. 7 ; .:?4j 

BR& LS
 

Al I 0 A1 
6 239 343 127 
 176 521 276 
 Ec*
4A2 Al 160 93 127 220 140 
!0. s; -> .. : -;

276 116 
 Sol S5-. ..3 I212 o,. 
2 A2 
 1 0 42 19 2N 127 115 L33 276 709 5.
2 9 A2 0 644 - 127 

0 S4* -.06 0 1: -) 3163 51 276 "MO '3 50* 
 S( 17 I 2- I, 
3 PQ 0 A- 4183. 234 127 36! 
 351 276 623
2 A a A3 , l P45 -12* 0 , -;026 IS 127 142 23 276 2L2.?. o XS
S, V4 I." ii.3 

4 I 0 At 4 193 234 127 361 261 276 6:s i;
. ,4 -2 0
2 Aia A4t -)2.&265 is 127 172 Ea 276 '4* §4* 5.,' 16) 4c 0 ,z

5 46 I 0 AS . 344 213 127 370 .65 276 -i 7
2 A AS 004 3 127 

I §J 5-4 11i . -. ;.:.130 5 
 276 :SI 
 5.,4 1 7z4I 17". 
6 1 4 $310 2.7 127 l2 16 276 72- J c-04 s4 Is2 10 S:
1297
N6 72 127 199 109 
 276 $s4. S,A I 1'
 

- 0 A7 651 37, 127 ,99 5Z3 276 9.5 
, §4I .I -,- IA7 1663 93 127 220 140 276 416 
 ,4 S5, 
 I 21 1 ±01 

S 61 I 0 Fl 5 471 A 127 433 460 276 762 E64* J-K.. -3534
261 1 663 
 93 127 220 1*0 
 276 *16 
 4 c 14 I.1 0 101 
9 62 
 1 0 62 3 69 222 127 349 333 276 610 , 0* 50 -10Ob2 7.2
S 62 1394 73 17 205 117 276 93 
 !44 Sol III .
 
0 63 I ,) 63 262 ISO 127 277 225 276 501 
 0 4 3 ,P3 *I43 s I 127 
 208 112 276 
 9. ', 5A 
 §4 1. I 
II 6F1 I 0 61 2 l -0 127 247 
 ls 276 i$
2 6± 4 6 . §4 $,, 1 :,0 268 IS 127 
 142 23 276 2"3 , ,1 §4 • 

i

"
 
12 65 I 0 
 65 2 843 IS 127 2.6 239 276 $15
I-II2 §4 •,(s @S 1663 93 127 220 140 276 *1, 
 C.,,% Z I4*. , 
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CASE2a ECWtfrmICA'tYS1S TOELECTRIFY CUSTERS OF VILLAGES 0ELc,kJ TIM 
DISTRICT Cb.R, IE.L ARA (16 S,,LE VILLAGS) 

ECVOIIC UI11-COI RATIO BYCLJUSTR OFVILLAGES " iLQ~LL: 

3r CLUSIER No / CUTIC'N F;rriTO HI LifE CAH11L COST(RS 000) PvC(Ri. (0W) F'1 Fs (.31 FIO 
' VILLAGE No / 

TLEIELL 
LOADC TE. 

La LINE VILAGE/ 
T '-

TOTAL L. ,'ILL;aM/T0L t IN. djLL / 

T!, ' LL 

TOik t~s O. C- IIX 

CLLTE I 

I 
I1 
s 
86 
67 
CS 
C6 
C7 

l 0 1 0 6.3 
2 I 11 3003 

FS85 1663 
11 U.G 1 234 

2 86 7 1 6&j 
2 06* CS 0 134 
2 II 6 0 36 
2 C6 C7 I 663 

36 
i6. 
;3 
9 
93 
8 

30 
53 

1142 
1718 
127 
127 
127 
127 
127 

127 

1178 
1886 
220 
196 
220 
134 
I.7 

220 

54 
252 
140 
104 
140 
11 
AS 

I40 

2521 
385 
276 
276 
276 
276 
276 

276 

267s 
40s; 

416 
297 
321 

4(16 -

,5 
.Ilt. 

-16-
'-4 

A 

C 
A4 

F 

-

I 

7 

I 
I 
I I. 

I 

! 

I ] 

01;5 
0 r 
0 01 
0 674 
0401 
I6.3 

i.6116. 
C4 

CLUSTER TOTAL 10539 &D01 4221 8.41 ;316 17(00 (HI S .- It- ~ -. -1-1 4.'*12 
--- - - --------------- -

C".STER 2 

2 12 
13 

It 
IS 
06 
D7 
E5 
ES 

E7 
FS 
F6 
F7 

3 
3 

3 
4 
2 
2 
2 
2 

2 
2 
2 
2 

2 
12 

I2 
13 
E6 
14 

ESa 
12 

14 
IS 

Fta 
13 

12 
13 

It 
IS 
06 
07 
ES 
E6 

E7 
FS 
F6 
F7 

2 L2. 
1448 

1 609 
I9u 
I63 
131 
0AM 
0215 

064. 
158 
0 215 
1126 

(47 
81 

Sri 
111 
93 
75 
27 
12 

36 
57 
12 
3 

1106 
1270 

1396 
1210 
127 
127 
127 
127 

127 
127 
127 
127 

125.5 
13I 

146 
1321 
220 
202 
ISA 
139 

13Q 
214 
133 
190 

221 24.52 ,t3,7373 
122 2817 25s 

135. 3093 3.226 
167 2674 ZE.41 
140 276 416 
113 276 9 
41 276 317 
18 276 2,4 
S4 276 33.301* 
131 276 474N1 
is 276 
4S 276 1 

17 
0 
0 
0 
0 
, 

3; 17 I 343 

4143 4Ali ,fit I 110 
L3.3S _ 157(.67 IA.S 
30,37 35p,7 1066 I76 
5'1 .44 ^ 12 
.04 54 I1512." 
34 5-. I HI 
534 574 2 1 7 I 

H 174 156 
4 i.4 
4 1 

" I" - ' 

0 731 
0 E I 
0 c79 
u6E:7 
0AN 
0 571 
1'17 
1611 

I 3 
A5 

1511 
"0 

CLUSTER IOTA. :4911 S-7.5 S35 6833 1253 13246 144 7 . I 0 .5 

CLU'TER 3 

3 6 

9 
10 

A, 
A 
t 

1 

2 
2 
2 
2 
2a 
? 

0 
6 
6 
.2 
9 

A4a 

6 2 &43 
9 3 003 
10 2 950 
~ 1.6Q 
k , 0644 
A3 0 261 
A 0 W0S 

159 

168 
E-5 
3 
6 
Is 
Is 

1692 
(208 
741 
127 

127 
127 
127 

1852 
1376 
906 
220 

163 
142 
172 

23 
22 
248 
(4o 

A 
23 
68 

3748 
2669 5 
1641 
276 

276 
278 
276 

3rS7 
1 

1CE" 
4 

,116 

. 
, 

.01 
., 

-<a 
4 

. 

I4.: 

'6 

; 7-. 
13 
, 

-
, 

1 
l 

I'. 

I 
-,S 

0 E1 

0 .3 

I." 
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. EC rOiIC;LYSF.3 TOE1ICtLIFf CLtr;itC.FVILLAG5 IU.NLZ,
OISTRICT £ .A, TFSIL ,D.;iA (16 S.WtE VI1'AE5) 

EC,,IlC EERAMIT-(.£T RTIO 8' (L'JSTEft VILLAGESA4'2]kiE L 

r lUEn i MA1 i w Lli ~ WJ~T, CUrSRS >2l)',.VILLAG NO ...... .......- --------. --- I-S (Cs "(0" RIA
- R \' 
'IU .W1J k LIt VILL.(' 1,kF L NE VILL.AGI TOk L( VI ;A ToT-_ j.; C... TLW.OCENTEA TKE-LL .E4LL ilH.ELL w 

A6 2 ,S. A, ,054 3 127 12£ 5 276 223 ! 1 720
2 10 S 1 237 199 CS 276 "343i 
 5.4 12 I 312 0A7 2 6 I 6 9 127 22 14 276 416 0 6! 50,1 II21: 040183 2 6 83 1 W 81 127 29 2 276 35, IcG v 01"II* 2 E.i6 E4 0 2U3 1 _ 12 22 276 : E 
 5 2I9 ' 7 •,"' 

CI 2 a C3 ' 073 6 127 133 i 276 J , 41 2 67 0 727 
TOTAL! 2aOTER 170C03 952 12 i 95 27G 371 , 32 's 5 9 0 .,}2 

-~~~~~~~ -


Cl USTER I 

7 1 0 7 61Ili 34*2 10.3 3AOl sit 677A 
C2 2 C3 

7222 &6 IXL 0L01-,;C3 1073 60 127 W8 ?13 276 X0 57 2 1 '76 0 73701 2 la 01 1 126 63 127 190 
 98 276 371
02 2 02a 02 0 375 21 127 'i 32 276 A 5* 13 lS '2236 'y04 133I -3 1,2
03 2 D3a 03 0 42q 24 127 5 2 276 312 '2 SID 192 14 1212El 2 Eli El 0 37S 21 127 !is 32 

54 
276 2 5,* 
 507 I% 2E2 2 2& E2 1126 63 127 190 I 2d55 276 371 0 50* 5.* I . l.9 02C2F! 2 Ei FI 16&3 93 127 220 It0 276 416 :,; 
S .4F2 
 2 L2 F2 1663 93 127 220 Ile 

'2 
276 416 53* 5.4 I . ' hl 

L.USTER
TOTAL 
 13 9" 781 50,3 4.5.3 1171 8m OES 11257S I315 2i
k 27. "7 

CLUSTER5 

2 2 I 
 2 2 038 111 102 11:6 171 263 Z*22 22 5 I13 2 2 3 1 877 lOS &73 743 1166 1412 1570 o73s 073 5:S "24 03-.1 3 la 1 0590 33 973 1006 50 21s8 2207 0 3171 3171 964 Ij 116 I 3 16 1555 87 1C 1156 131 2366 2A3) 0 3A63 
0 .M 

3468 312 1 39 0 ,ul04 2 04a 04 0 697 39 1217 166 59 276 25 0 514 54 169 1 0,05 z Osa 05 0 4.8 12 1017S 72 276 'US 0 504 504 I5 147 0291E3 2 4 E3 0 697 39 127 166 59 276 .CS §24 504 163 :.£, I):!E4 2 Eli El 0 26 15
F3 2 16 F3 

127 142 23 276 2.79 ' 04 E".4 205 1637 Ii'S0 429 24 127 151 36 276 312 554' -04 K .l4 172F4 2 16 F4 1 073 60 1.7 50t 
192 

187 90 26i6 504 2 26 '7SO 

(LUSTER TOTN 
 10 02 565 1461 5029 8*7 995 10703 I--4W. '56*4 4-,%1 I , 
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CASE 2; ECONOMIC ANALYSIS TO ELECTRIFY CLUSTERS OF VILLAGES AND TIBEUELLS 
DISTRICT OKARA, TEHSIL OKARA (16 SNIPLE VILLAGES)
 

ECONOMIC EENEFIT-COST RATIO BY CLUSTER OF VILLAGES AND TUBEVLLS 

22-Jun-,8 

No 
CLUSTER Nc. i OPTIC 
VILLAGE N- / 

TUBEVELL 
LIUA(EPTE 

FROM TO 141LINE 

1n 

CAPITAL COST (Ra. 0K0) 

LINE VILLAGE/ TOTAL 
TUBEWELL! 

P1/C (Rs. 000) 
..................................................... 

LINE VILLAGE/ TOTAL LINE 
TUBEVELL 

P1/ (Rs 000) 

VILLAGE/ TOTAL 
TIJBEELL 

NPWB 

(Rs.oogt 
BCR 

RATIO 
N6 : 
CAPITA 

------------------------------
- --- ----------------------- 1-----------------------------------------

CZLU3TEF 6. 

r, 

El 
Er 

," 
1 
2 
2 

P2 
5 

S 

8 
ElS? 
P2 

2 199 
2199 
1193 
13; 

1123 
123 

78 

184 

60, 
127 
127 

1807 

723 
m2 
20S 

lps 
18S 
140 
117 

3,7,"I 
1334 
276 
276 

3921 
1519 
416 

0 
0 
0 
0q 

, 
194 
4 

S0 

r4 "13 
1964 

s4 

1561 
44 
8 

1. 9', 
1.293 
1212 

0.86A 
0.G16 
0401 
0. S241 

(2 ,. C28 (2 0 107 6 27127 142133 239 276276 ,. (1, S(04S&04 ,04S-,, 205219 1 6871.767 11.64Q 

L :iTE=.,TAI 7 P10 
---------------------------------------------

438 2791 3230 658 6176 K033 0 ... 46. 10*3 
- ----.-



,',i .tricL f;ii La8annu, i i Marma 

Vii,i 2ac Line .... , ; ------- _ 

I: ,f -e - 72:ER CIa10- E 
Erancn_ H 

a6: 0 5 

5 1176 2 M6396 76 2 U,3 

ranch 01 42 1 24 5I 1 454 2.4 h 2 
£'Tanch B3 

5 19164a 0 6480 2148 1916550 i 0 147550 1.320.00 21 

jo 

5 
IOa 0 

1916 
0 " 0 

603 
0 29:6 1 

2941 
2%6 1 1916-

1916 
1916 1743 

147 
1743 1., 

1.32 
1.10 

.2 1 
10 4921525 3B4.6891 4602 2.14 15 17 

: 

12,,.2567-

~~~~eedlerC 

BranchBC' 
6a 0 

- D 
0 

40, -

. 
51 

9-

. . 
0 
. 

5BO : .L14 

.: 
600 O.0 

16 is11 -

. 

616 1605791 .45247B 241331 1916 13259831UQ86 212.14 22aS 2117 

0 1 174 0.00 

61 60 4I2798101 1 10 13825 .1B 22 2 

6 0 0 6N01 0 0 k P0.00 

;: : : l~~1al: 60
BranchD 

]a 0 
1~ 6B21 

16 j K 

00 
02 

IC69350 

521% i 086'1: 8 1'2 :I : :i1B: 0.001;61 0 600 .00 
598 0 2397 .0v" 

1 115F8 4886 2.32 8 1 

7a 0 0 6001 0 510 0.0 
]a C, ]s 0 1q . 

175 78851 2769 
214 EM4 142 

10N1 
315 1 

7251 
13293 

406Z 
5414 

2.185 
2.27 1 

14 
19 

;ranch D1 

1 6 02229 88 68 1 239 .00 2 

la 0 0 .159;. 0 519 0.00.. 

17a 0 0 *90 018751 2130 1139 1 
ha 03 72117 751 22174 1911H 

21 4581915471 1W1 190 ) 

&58 
0 518 
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0.00 
0 
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1 

1 
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'44uih Ditrc iiLki e 

N4 vitlage Line . Cost :rc cost. 
n4e e - A C++:-- e t41s . I-latio + 

4 4.. .i? :. 

. .4 4 32, 552 , ,2.2

4;5 

I I - 20 

4 4a 4i2 Wz 2... 2.70..10.40, 175 4a i191b 603 294; 2.141 !9 
0 .7b,6,I0. {,

SO 10a 49%621552 68 3.C41 5 2.57 1 19 

12 11 2567 01 4031 2.13 1 21 

44 Feeder C I44. 

6a 0 0 0 6w i 0.001 1 
6 6a 1605 499 2 21 1 0 -U i 16 

4 6a ,5-a0 0 5%S 0.00 I1.. 
16 I~a l1ima 90 1381. 3.061 0 2.32 1 10
15 15a 8851 2169 1011i 31W 1 0 *2.18 1 II 
14 15 4542 1424 315 1I 261 .1 ' 1 1.2 
13 14 1967 2493 231 2.921 1 13 

135
 

Feeder D I 

I la6I 19 E .8 0 25 
a I 'Z IC9 41 2 

17a 7a 0 0 %Ili (I.C1 

1a 17a C840 21z' 0.01 la 26 401 01' 31141, 2.67, 7a 2.Z2 
417 1 i .21 227 4 . . ... . 1 3..1
 

z8 17 5,)481 1(469 4, 2319 . 14
10 72527 la 2.3 

16 129i 3C Ia 21;a 547 
20 19 4584 14.-7 I'401 2.Eai . 

21E01.17 ISM 315 1.2.,7 
 . 

44++-+ ++++ : + m ;' + :++ +'+ ,:12 +++ 
444 + +.+ ++J+.+++++ + +++;++++; ;+? +, ++ 4444 ' ++ ++; ,+ +++ 
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?V hpv tfV Cuauiative C 
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1421I 44K 
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221 

.185 1 

9 
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24118-

4766 
: 312 

95 2 

..CO 
.2.65. 

2.1 

1 

0 

27 
71;15 
4952 

801 
:i75 
I2 

403 
.64, 

Ea i 

2567 
10482 
4%2 

124 
4063 
1640 

.1 
2.56 
3...4 

21
16 

i0a 

5 

4 

:, 

191b 

4992 

, 

603 

1552 

26 151,4i 

2941 J1780 

290 1 4982 

5.i9 

6896 

1842 

2.58 

2.52 

2.70 

14 

13 

ia 0 0 5501 22362IM 92M Lil 

F 14C,-

Fere C 

13 
14 
15 

7967 
4542 
851 

2493 
1424 
2769 

239 1 
3151 
101 1 

7961 
12509 
21360 

2732 
"4471 

7341 

2.92 
2.80 
2.91 

11 
10 
9 

16 113 1,'AI 11MI 308 3.0 8 

15a 

6 

6a 

0 

1605 

0 

0 

499 

0 
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2271 

6001 
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Supporting Data .ind Analysis for, Baluchistan Case Study: District Ka-ac
 
(DecentraLi zed Generation Costs Using Diesel Fuel) 
 .
 

.< Diesel Plant Capital Costs 

These capital costs were based on the Energy Wing study of
decentralized generation (Ref 32). 1Vhe graph illustrating unit 
capital costs (3Rs/,kW) ._as a function ~oAW sizewassimpifiedinto a~

Linear function for d range of about .10 to 60 kW based on two points:
L4,000 Rs/kW ac 20 kW and 6,000 Rs/kW at 5o kW. The simplified

formuia is 

Unit Capital Costs in Rs/kW for size "X"
 

C 14,000- (270 * CX- 20) ) ) 
in the future, a more precise formula which covers a broader range of 
sizes should be developed. The size of the diesel plant was 
equal to
 
the peak demand increased by 20 percent as 
a reserve margin. This
 
same reserve margin was used for the central grid. 
 The capital cost
 
for generation and transmission for the central grid is only based on

65 percent of the peak demand due to 
the peak coincidence or diversity
 
factor at the point of generation; this peak demand at generation was
 
increased by the 20 percent reserve margin.
 

Diesel Recurrent Costs
 

These costs are for diesel duel, lubricating oil, and other
 
operating and maintenance costs. The other maintenance and operating

costs are fixed and were estimated to be 20 percent of the capital
 
cost annually. The fuel costs were 
based on about 20 percent

generation efficiency or 0.50 liters HSD per kWh at 
a cost of 4
 
Rs/liter. The lubricating oil cost is based on 8 Rs/liter and a
 
consumption rate of one 
liter per 12 liters of HSD.
 

Since the BCR's are calculated using the present value of 
benefits
 
and costs, the recurrent costs were assumed constant for the assumed

life of the diesel plant of seven years. The present value was based
 
on seven years and a 10 percent discount rate.
 

Other Costs
 

The HT line costs connecting villages using the diesel generation 
 -

are assumed to 
be 56,000 Rs/ln with 5 percent operating andmaintenance costs annually. In present value te ms, the total cost of
 
the line is about 84,000 Rs/km assuming a 30 year life and a 10
 
percent discount rate. This figure is the same as that used for area
 
distribution from the central grid, 
and it should be refined to
 
reflect 
the differences between these two application. Line losses
 
are not included. 

Village distribution costs (LT lines and distribution "
 
transformers) are iaken to be 
1750 Rs/kW demanded. This cost is 
-4
 
assumed to be the same cost as used under central grid . .

electrification. 
This figure should also be refined.
 

;'' :* . . ''.: : : 4 - '- :... :........
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r :-"DEVELOPMENTI RANKING. 	 -: i: - .::'' 

OF 	DISTRICTS OF PAKISTAN 

Ilafiz A. PASHIA onid Tariq 1lASAN'* 

Vhis iall,-r cmlpluys tv.o diffcrcnt techniques - the ZSLN and Wc'Cightcd 
'actor Sm re and twentYst.'vcn indicators to quantify die levels of develop. 
icit in the districts of Pakistai in the, 19 70s. The m agnitude of development 

indicators in rclativclv urIdcrdcvcloped districts are analyzed to construct a 
profile of back ardness. Also, our rn kings arc compared with those obtained 
by 	llclbock and Naqavi (1976) for Pakistan in de 1960s. 

I 	 Introductionl 
'Ilhc existClnce of significant regional variation in levl of de'clopment in 

Pakui;tn is a widely rccognized fact. The two provinces of Baluchistan and 
die North West Frontier Province (NW7P) are generally seen as relatively 
backward while the two other provinces, Sind and Punjab, are considcred 
as relatively dcvclopcd. This is reflected in the n.ture of federal subventions 
and grants-lii-itd, Ilowever, this level of rcgional generalization masks large 
intra-provincial disparitics at the district or at the tehsil/taluka level. It is 
ncccssary, thcrefore, to have knowledge of the \-ariation in the level of 

. -dcvelOpinci tat a morc rcionallv disaggreatcd Icvcl so-as tb be ablc to 
Sdidentlfy imore prcCiselk' the location of the po6rcr segments of the national 

population from the viewpoint of provision of basic infrastructure and 
scrv\iccs. 

rcsearch regional 
been scvcrely constrained by the lack of data at te district level. The 
objcctivc of this s dthrfore, is to make a first attcipt at thequantifi 
cation of. the level of devclopment attained by each district of Pakistan. 
It needsto beCempihasized at this stage that developclint has not becir seen 
simp Iv in .eriiis of the level, of per caplita' iiiconIe for a number oT-Fhasoii., 
Iisl v, I;11)an1 economv like that of Pakistan v'licre almost 75 percenlt osly 

"lowev", on levels of development in Pakistan has 

f the 
' t' sural and agriculture is cli aracterized primarily by traditional,

' ~1lhe wotuld like to ackLkn tlege the rcscarch assiscamcc of K~aiser Blengali hiahpairaauthors and 

Volen.c, and 0hei ns ftiucuolimie ft Morris. lltxhitd A lii icr R
sby CyntiaI ,kh 'ry Biggs and ,ihaid 

, _ - Culdmian.,ii defcts hih :cm ate, of course, the sole responsibility of die authors. 
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S~ bCJI~cC f~i n z:i pe C I t"~ 111co niceof welfarc bccausc of cha,,,ll i is 1'i kl to be a distorted mecasure 
tile cxcc...of leisure and 

;,e uali, of goods, access to services, indecline over t(Imc in the Share of non-ma.ketedducts. Scc'ondl\. if devclopI,,t is V'iewd as a multidimensionalnot-a purel- Ccohlsic andpheomen , thenthe sole Indicator thie use of per capita.income as.. - V.l-(I I penop.II en C_s to-cr ticisin.Th r a-nu.erf6 - ....fdic lomentIdicators have
Iin thils stud\, to measure been defined, Including per capita income,
tlie level of development of individual districts. 
TIk paper is organized follows: Sectionasdc....l eit indicators included 11 gives a description of thcindic IoIrs at the district level 

Sumnary statistics of the distribution ofare presented inSCd br deriving section Ill. The techiluesa composite indicator of the level of developmentie individual indicat.ors ar described in 
from 

section I,. Section V presentst results of the ;ipplication of thsccations about techniques In terms of their inmplitle interaction of different factors duringdevelopment. Section VI 
the process ofidentifies 

developed de relatively developed and underdistricnts of Pakistan. In this section an attempt is also made tosee if the developnent ranking of districts is sensitive to the choice of tech-inique for measuring level of development.
sectors in 

Section VII identifies the laggingthe relatively underdeveloped 'districtsnature of backwardness thereby indicating thein Pakistan. Section VIII attemptstle trend to determineover time in regional disparities ahld provides a preliminary answerto tie question as to whether such disparities havewiden. Finally, section tended to narrow orIX contains a sunmary of the principal findingsand conclusions .
 

I1.C(l iceof I)eveloplnent Indicators 
As Im&tionIcd abov 'th.. I...
the sole 

0"- .approachol oL.siI.g per capita Incomeas indicator of develolfnient has bccn largely discarded. It is nowrccognizcd that developmient is a complex process which involves basic socialand political changes in a society as well as growth in perFurthelmore, capita income.at different levels of devcloppient the relationship betweensocial, political and economic variables is likely to be different, as highlighted
by Adelman and Morris (1967). Therefore a multidimensional aproachto the neasurement of development must emphasize bothi changes in thecapacity to attain *dcvclopment objectives as Well as
these objectives. This 
the actual attainment of
means that developmett Indicators could acquire an era tion;il significanceThe choice tor planning purns-s..of developnt indicators at; the district levcl in this study. HeadIri who are prim arily interested in the rcsul or ., not in t me-nd 

skip ,,cinn IV, 

http:ticisin.Th
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has beenl governed by a number of considerations, Firstly, an attempt hia-s 
*beenl inadc to achieve as wvide a sIectoral coveragc as possible through tha 

I rs. AsSectorssuch,, indicatorslur ,idliea rc have beensr selected to highlight the develop
/sectorsike agriculture, industry, education, health, housing, trans

port -and ttlecwo Sal"-Sc i--i, t ternatives were available 
regarding the choice of indicators: we could concentrate on measuring the 
conscquences of development or tle level of development inputs. Reliance 
has been placed on the latter approach primarily because of the relative 
absence of data oi the former. For example, if the output approach had 
been adopted to measure the development of the health sector, the indica
tors used would have been life expectancy, infant mortality, etc. But' since 
data was not available on these magnitudes at the district level, the alterna
tive chosen was to quantify the level of inputs in the form of doctors, 
hospital beds, etc. lherefore, while' there may have been some loss of preci
sion in quantification of the level of development, the results are perhaps 
more operational in character from the planning viewpoint as the focus is 
more oin development inputs. 

[hc lack of data has not only qonstrained the approach to the construc
tion of development indicators, but it has limited the number of develop
ient indicators Pnd in some cases 1ed to the choice of relatively crude proxies. 

Nevertheless, it has been possible to identify 27 indicators relating to 
differeit sectors. 

Diverse sources of data have been used for quantifying the indicators. 
Firstly, reliance has been placed on the various censuses of population, 
manufacturing, housing, agriculture and livestock that have been carried 
out in Pakistan- during tile '70s. Secondly, relevant data has been collected 
-roni the published docnients of the various, ministries and departments 
of die Federal and Provincial goycrnments. Thirdly, some primary data 
collection has been resorted to by establishing contacts with line depart
nweLts like the llighways Department, Railway, etc. Finally, in some cases, 
unconventional, sources of data have been tapped. For example, no publi

shed data was available on the total number of doctors, private and govern
meint, iii each district. The approach adopted, thcreforc, was to contact 
the large pharmnaceutical conipanis in the country who maintain an up-to
date list of doctor's addresses for ,urposes of sales promotion througli tleir 

iedical representatives. In this way, it was possible to derive the rcgional
distribution of doctors. i 

Described below are tie development indicators chosen in each sector 
alug with thelr possible defccts. !A detailed description of the methodo
log)' of ConIstruction of tile different indicators is given in dhe Statistical 
Appendix with a listing of the sources of data. 
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.-iIs Isi IInie [ehe- in the rural area of a dis
trict. '1hcrop cash' value (price multiplied by output) has been esti
.mated ior cach crop, lajor aild'mjnor, and thd individual crop cash values
aggregatcdl to arrive at 1e overall crop cash value. Thirtychree crops were
includcd illtlis excrcisc, which is described in detail inl tile Statistical 'Appen
dix. 'T'he aggregate crop cash value was then diiided by the projected rural,
population to give tile per capita cash value. This indicator has been construc
tcd for the Y'ar 1975-76. 

Tlcre are a numlcr of problems with this :'in dator. Firstly', it is not 
comprehcnsive enough in coverage. It relates only to e value generated
ill tle crop zector of the rural economy and misses out the income derived
not only. froni other forms of agricultural act'vity like livestock, forestry
and fishinig, but also from,, nlon-agricultural occupations like small scale indus
try, trading, etc. The former gap.has been covered partially by incorporating
the value added in the fisheries sector into the cash value. This has raised 
the cash value of agricultural output primarily ,of the coastal districts like 
Lasbela And ,.ckran in,Baluchistan province. Also, a separate indicator has
been constructed for tle livestock sectorwhich isdcscribed below. It has not 
.ccin 
possible, however, to adjust for the undercoverage of non-agricultrual
;ctiVities in the rural sector due to the absence of data.
 

Tihe second problem 
 with de crop cash value, per capita indicator is
fhat it is scnsitive to the random elements,which characterize agriculture..
1:or cx-ainl)Ic.woa ti -efi'i tiofs-,:pcs -cks an' oods couldaffect diff-'-, 
rcnt districts to a varingextent. As such,it is necessary to take ayear which 
is the more representative of the normal districtwise variations in cropping
patterns and yield. The year, 1975-76, in fact, witnessed a major decline. in 
COttol output d(te to Iloods andlpest attack. 'Iliercfore, if total reliance
 
was
w placed oly on this '.ear for cstimating the crop cash v'alue, it would 
.tend to give a downward bias to the cash.value of thenajor cotton-growing

districts in tle co0n1rY. TIe 
 adjustment proccdLire followed, therefore, isVto replac tle Cotton Otutfigures f0r tle vcai":1 75-76 by. those oftlhe last 
nr0m'.al \.v:Ir w)hich i this case 1973-74.was 

dustrmi-l/ ,1/1 'dtd d P'I'cr i(, a )1/(iNO
lNlt 1'A1). ...
 

a"i 'for the valuecadded ill0hlhclI'g-sCalcinduIstrialhsector was obtincd 
nsu tIi div-ided 1Wi icproeieted:ir f thl;i factu ii ng TI iMiSs,a 

l 
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rbinl] li, br iliOeCar to;rrivc at the per capita industrial value added.' a 

One of tie basic prbhieins with this indicator is that it excludes the valuc 
IhV ~ inds li scctor due to the lack of data. This is a 

i-l JU -1 itonal level almost 30% of the total valueI'T P 1'

',i...,iadu Thf-- u n c opera-aan aring, is estuieg 

tions. It affects. iIn particular, some districts of Punjab like Sialkot, Sheikhlu
pura. etc., where small-scale industry is concentrated and probably accounts 
.or tlhimajorportion of tle industrial value added. 

,Vunivcr of Coinmcrci,,l lank Branches Per 100,000 Population (BA NKS) 

aThis is bod anl income and wealth indicator. The number of commercial 
bank branches in 1975-76 ii each district has been divided by the pro
jcoted tutal population of the district. It is clear that the number of commer
cial bank branches in a district is a relatively crude indicator of the inconle 
or wealth position of adistrict. A better indicator would have been the total 
volunic of commercial bank deposits by type generated from the district. 
I lowevcr, such information is not published, either by the commercial bainks 
or the central bank, 

,Vumlbcr vI' Livcstock Units Per Capita (LIVSTK) 

ata is available currently on dhe nu'mber of livestock by t'pe inII 
each district, but no information is available on livestock output by type 
(at thc district level. 1lhcrfciore, it is.not possible to construct an income a 

measure 'or the livestock sector. Instead, an indicator relating to wealth in 
thC form of livestock has been dcfincd. Differen t animals have been converted a 

iii to cuijtivalcnt ui.is by assIgnmig'weights whlicli' r described in detail
inl the Stistical AppcndLx. , " 

'1lie basic indica ii ,i-ofdcvelopmen t of this sector is cro/p cash, ah.c.I.
 
: Cpiti wli ichIi ias ;i[rc:id, cen defined as an incom idicator. A nuliber olf
 

uticr iii ditat i-SIiae bcn dfinlCd to capturc theckvl of dcv opincn..of 
itlhe imricuti~u ral scTci. As mentioned earlier, tle. approach has beeniw 

ineii to dcVClol)ImInC 'elthis has 
a at 

.lt vtii . o . . t. In lie context of' ag-iCIuIl 

IlKcall L derLm ilinatio l thei use like water,
. oflC ofC of inputs o 

cfILil nid tracws in each TI iidicators drfiend are 'centare 
1141 hc II.CtitI

a 

4 01 cropped aresa fert 

( ;..(. a .i..d ers. ractors as'iaR'IlI ), centigs of.far g 
a IaliThe iteSt availhmblc d(it is for 1972. 
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i pjibli 'iiAIih these three indicators is that whil they probablyadC(fU,itclv rcllecL the spread of technolo6', dieCV dodistric': Vrlatio not capture intcrs Ill t(he intensity of 

tract , 
use of irrigation water, fertilizer andIn addic um if data had been available, an attempt would also ha\cbeen 'i,id o ,'illlili, [l i usof 

k..-

dier inputs like improved seeds, pesticides,ci 


,\;;thci
. lr icitur % ich has been defined to nicasure' ,Luriculturald(\e~IHCMI.It I dI CMW t 0/ "Icchel'C-itza IIoil ofiraCOICultur)
ft~A ikj h.ii Ci]C'by comiici iI piiU. If proceeds! s Ubsistccn ce tarin ici.ili,'cd ,1fiming and is replIacedLhe share 'of ou t u mark, ted increases.Alark !iicl, it) in s l.oitc,.t, I5 defil d ot o lv as Chic i : surplus markctedby thu I t,) w I ;aIec IrCes, but also intra-rurAl marl-ting it is cssen-t&A I'v A iiiCusre ot ImdIi ke tiiig atr the Iind kidUA harml ali n or it theIisctoralIlevel. 

It hais ben ,issurnld that bulk of he output of cash crops lie cotton,sugaIciC. lice(, to)acco, IrUits and vegetables, etc., is marketed. The majordifficults is in Cstlll1ating the component of 'vhea t Output that is marketed.For tis pu lposc, .p cuial imcthodolow, has bcen developed which is describediit - Airis ic.l A pcndi,. it.l lurticit Im, l 
lssen ,tial'; consists of determining theIn5 sice c:ate netory giv'c n matcs of production, loin 

ConilSiHlq)nt(iil Wseed qc]uirCnCllr of whear.I 1ile inan u i_ ,. th is Indicator has been derived for 1975-76 fromthe ci 'I.p l- ilues C, inateI in the fiist indiator. 

-.-- *,;lsic-illdicat6r of ilidistrial deVClopien t is ilndustrial k1,11 adiedPri cal,ta xvlhich lhas alrcadv been (efined 'as incomeotlher in di cators have indicator. TwoIcen an
defined. Tihe first m easures lie pIercentage' of cbe1r1bani ", /)0 , / olct:' In industi29 (IVDE.i II) and the second relates to theperC'ntJcie of 1i1duvii11. .mim/)/,ment in ,U72.aic aihi Capttai i.t :'. ((IPI',II') l i defect with the 

goodis
forml er indicator is thatlot it doesiMluicCllplo nelnt il the small-scale industrial sector.hcliind th- inclusiun The logicof the latter indicator is that as industrialization proceCC1i, I g Ccatcr sharc uf Idustrial Cmplollent teinds to get conccrtratcdi1 irlitivc.ly sou lii tic;ic(l industries alufact! ring intcrmcdiace and capitalgnuds, ",vlcicas in ic initiAl stiges of import substvitudon bulk of dhe cnipoymnc l is in) consumer goods, lparticularly

cultural those based onl proccssing Of agriutpu1t-" MiclI a. j)attern is -also obseixcd in international crosscouIItry d;ta on industry us (Icnionssratcd by Kuzncts (1971). 
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.... . .. lie . . r...... .thtc~~~i .. Iia':~ IC~ a¢ e.. ...re ..n~~hc/4et th.... .1Indicators .... . n. gas~e. ........ !-1)W-ccau.......t c. "5 ality(IrebtpOI o(PLCCA,.',uf h ous in 

!:i:. ... . .Ulttlr'"s), Latest973 .,gthpb,btdl. data on these four indica't ors ' as,d eoge agHiic;1.. W i above indictorsos, les I's Whil laCatch evthc accessaria dons III Ihe level of pe c to basic seosvices he' doapta consumnption of water, electricity a.nd gas, 
rl 

H) L!(A 770,\ 

.... oth Stock and flowsecor. measures ha enThe stock mleasur*e is the defined for theliteracy rate educa .on(LITRA TE), wvhich indicatesdC .tri. Of litracy amongLI:q::Iit*]i thle population aged-ten 
., 7Alcasuires '*1 

- years and above in..I bnoof, flow ofO~ptfo ieeducation~ sector relate toM1,/Ct LcS enrollprimyat J.'e ?11IR17Yl(. secondary (SECONDA R Y),2 and,co//ege /euel (COLLEGE).
Uiolls inl Ca 

The relevant sclioo'tajjd college-age goinig populadistrict have been projected onl the basis of intercensal growthrates for puilposecs of deriving thle enrollmnent rates. 

.. -..... . I. L it7 . h 

*Uo indicatols Of inlputsl.. tirtre/tes to into hecalth. thier sectorr 10 00.. P i- have bee d'criiedto /:S/,11tal beds per JO1O, 
) and the other

popu/at.P on (HOSPBED). 

TR.INS.OR T,.1 Ni) 1,I U,UNI C, IT1 0NS 

Thc developnic t of' the road transp~ort sector is measured in terms1? 04/)),l nd~ 'le,
Ro"0) 

e Pe 0 sq. mniles of geographicalieea' (AfE2,T;lidit11lie tl1r, l0 mi/ca'6(ge
ad C' 0 Sqperie ofgeograph.ical

Iior th 
<" 

; id Ill tcr e,car 1972, 'i'li -lattervi ilMlsl,'v W ile the'_1 former relates to in terdistrictessentially' catches theI~rSC)((! If irm-to)-ni ;zkct roads. 

00selIle),Q! )r, mies f'geograp/piaiarell (R1" IA Y')etc ilillIth CIM 11c ( ie oll of*d lc;I distict e te t of, riulway n et4, W\ cigtg fatosvLc work passing through:F1sc aoo '',foi- diffcrent ty~pes of gau1gc- .di ~ 
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lcan1didouble track, as described in thc Scatistical 

I ,litfIM: U' 1)ah the dboyc indicators, .referenccI ilthc pi SwCc 0 
, was giveh to mcasu

ilr termstilea,apiih ~llcl* iUlacioI1ir on il irelation' .l.e. cultivated1 .. .. area. Milage inclann:Lw i:P I llt uldosS inotieccssarily giv . a correct measure of access 
........, I-ML I hl c y pa ssrk - ra- -nly-diro u g die 1iarge -ur i -n
( U.uinnS 1d lcave bulk of We ruralarcasilargclv inaccessible. Coveragefill r e-ct to cultival.(I area gives a etter indication of access'.I fow ver iSSLI mcs, .Soiicwh3t 

('r'(M) LC q~I cu trral 
rivsl,, that bulk of the transport demand is essentiallysctlor ;nd, secondly, that: the rural po.ulation is notw..idelI drpcised. It is clear, for example, that 1if road(sen or railway ileagewith .respect ifo plulation, ald is

cultivated areageojI~dj~lp I 
and not in relation: toIrcal e, d CH thC pr'ovince of Haluchistail, tie largest province of"In ll is Of geographical 

duw'id 
area, would ,appear to be relatively wellwit trailnsport inctra tsuceas whereas, ilfact, it is generally recogni1.1dthat th transport sctor is ea-stleVeloped in diis province.;: hiiveni) thlea
G road mileage, ir is Mso importan't to determiie the stock of\ChICS in district influenceS the capaciLy of road

Iat \%hich 
transport.-Asstic .'h 
 I has been passenger load can'ing capacityYY Cpi ta .(SLO,A /)), and different types of vehicles, viz, buses, cars,:,, carrIviIH,,ocrer 'vches, ctc., hiav been aggregated by-using weights equal to the passen

ofacr
o eatch t s~ f eic 
 :
Scap:acito.Statistical,Al ))ix.• e 
type of' v ehicle. These weights are given i theg , g n t e 

l)cvclopni .tW' thcconlimunications in a districtict I w rh has een quaiit 'the llel of the indicator, telehoines
IELI'IIV.. per 1,000 population(, Industrial, commercial and governmenr connections have bccil 

7 
.s::cluldCd as tl)Cy.' tendl'.I tovcrstate the magnitude of'tihis dcNelopnent idi .
rr- - ofdstricts ht arc playingc'i an imp.ortant administraive or' li Ilicrcial role, which is captured by oder indicators. 

.S/7'L'J.L EQULA LIT' 

As devchvwiict procc(ls, it has been. obscrvcd that one of the major
soci1l changc's that occuus is tie transformation ilte role of wonien.Fel;IiC
laic" 1d 

,v,School 11(, college enrollment and .1abour Corce participation() rise. As mich, indicators have becn 
cx:.-::t<.C( s..x t 

chosen to quantifV the" L : iv ilie district, These arc: /'male,(SlA*i.i,/'F) to male literacyand /cn:!/b: to nm/l p17ici1Y and secondar enrollment 
rate (.S/.VhW.... 

q, :; .; +7+" ', ';
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MagnitudCe of the. delOpntc i nt,orIndicator each district is givcn in 
InII lie St Appendix. c , boundarics 

fL wcre -i evailing at die 

I ahIC S, I tis tical [lie dist corrspond 
to ho Him the (111 pupulati census of 1972 
,;s -c iCd .ut. Fortvsx. districts have been included in tile anal-is 

~~HsrreriT[ NW- a theCcntral idmin-istered Areis have not been included due to tile al.nost complete paucity
data these u.s. About 93 pcrccnt of the national populationiis

stima ted1 to haeC been residing in the! districts included in the stud), in 1972.
'l'hrce sumarm. measures have been calculated, to describe and compare

tle distributions of the indicators..Thicscare rcspectively the first, second. 
and third mnCoIlts rcfercd to as, tli mean, variance and skewncss. In addi
tion, the coefficicnt of variation has also been computed. The last two 
rncasurcs arc perhaps the basic indicators of the extent of regional inequality.
Thcsc measurcs are presented in Table 1. It needs to be pointed out that tle 
means of the various indicators do not correspond to the national values of ':
these indicators. This is because dicy are simple averages and not averages

weigh ted by the population ')r area of the discticts depending, upon the
 
indic ator. 

I lighest dispcersion is observed in the case of GASHSE reflecting the 
I'act that currently domestic gas connections have been extiided to only

Icw of the larger cities and towns in the country. rhercfore, as expected,
this indicator also showsa high dcgree of skeWness. Other indicators cxhibi
ig high dcgrec of regional concentration are PUCCA and MTRO\D-,*

:\t the oilhcr cxtreme, indicators .vith the least dispersion are CASII/\, 
I.,,\NKS, IRRIGATION, 1lRMAlR LITRATE and SI:XLI r. .n part
cular-it is intcrCsting to note tic nC.rk.0of co nuu.er-cii-bank 
br'aiches in the county 

- ..dcspr..ad 
, BanIKs appear to hav-e followcd apolicy of regionalIenetrtion cvcn perhaps at the expense of profitability. In: addition, h.crelative uniformity of PRIMARY and LITRATE among districts attests 

to the fact that there has been a conmitment to the goal of uiversal basic 
education. 

It alpears [rum the table of zero-order correlation cocl'ficicnts (availabI 
Irm iucuthurs on request) that INDVAI), BANKS, X)OCTURS, llOSPBE. 
IUr(A, -LCt: ISE, WATHSE, METROA) and GASI-ISE are highly inter 
c.C;relatcl with corrclati"n coefficients ranging from 0.70 to. 0.75, ItiS 
likely, therefore, that they represent some common underlying pheiomenon 

hdevelopment. This is discussed in a lacr section. 
CorIro.-I tionIs bctwecn thle four agricultural indicators are 

.. 

- i 
not very high~.

.,.. ) :, .5 .: 
 ,. : la er.sect ~ li "!;': .;,(cept for IRRIGATE3 and FERTILIZ . ... . . at 0.75). Norarc-. the two emloIy
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It ltWnor, 1O idste. Indicator s . . ..
BAtNK , S inl, CASatorsNdvw , ne CeI IV, I 

f l ,1. VUicnI g t not ig h i'I tN csti toe no0[- hlat thUy are eIt f-Ich Coire' to-bctwccn--INDVVvD 
, ';"' theircOrrcOatioji WithLtheedaulhioneliomISonent an c i'c,,ily1 oca Iitoh high, 

.Iiu S.\iI ao(cjlali\'iti iaIndsis 

Iwo")Ill ().socn~oite inldicators have been deri\cdta~~ Cur dceloplt1e; 1i<~ InIiI'~ri ~~ h I Ii' (7-S LM) Is based 0on standard izanic;tots. Tile Sceond of the i(\'EIGT [C IOR scORE), cmjcrgcs foipicipalC01Ioiinits analYsis of thc indicaItoUs. )sFo rn 

This tCchnique inVokles tie standardization of variablesindicator has so that: cach,a distribution with a zero mean and a standard dcviation ofUnitYas Iolloys: 

*1 u S.IJ 

reles to the Indicatcmt 
(;1} ... 

...27) and -I*c.r to the district.X. 'te ..... .
. r111¢ iCl ()Vke"~ - -,,,atotC~ll 111c nrfll nd511C 4. c-. h- standard ieviation. in . ... ... 
 .... .
I he composite indicatr is then, constructed simply by assigning equal,eights to all indicators and summing hcm as follows: 

SU 272: !Z.

w Ci/ie is (lie iltie ()I
' 

the ith 7.-score for the jh1 dIistrict,'~ha 
 .zerolroc
Thhe ilcssring dis' ibuon of Z-UM also a" nieaniw-iclhi proesa rece point 1ur cImpauinig districts
bljc d t 

with the av crige, Ilowc'er, thewith th is tech nique is tat it attachcs equal weight to all lie,
ind tindicator tt 
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(1lie( 
 St l' iif id echc iii diCaLcrist iljution Irst logi iiate dI, MfI Ii ,I i(Idby tak inrgi naturalrub re clclScy aii prox V1 th ......
b:; tliins. -IrSo f v(ariableS.la... . c:i~ riig: (Il

*ScOrcS and ul'.:l Summining tcni 'Ihis transfornnation tnds t comicss"oilehi 
 i'pov ria ti,'1. llng tails mrc closcly to thc nor,.,imal curv;
I'lI( I V lllctisI ll (lit- r(, ulfs can (lici fIr: checked byv c:irriiiu_ ''itctrreldI .1 rdnki'clwc (hle two .-sum indicatorS.
 

)Fl (17 .' R 1SC
 

ri iI)C ')f 0er it ioSite in(licator is dcrivcd after carr;ing nitI',11' l,,,)eill's :1iialv'is a princip,-!,,I: [lie de\elol)n t ilndicators and using weights
h i II I...' sical ly,,ii iiI i is a;m I ysis. 1a s ra ct:6r analysis in its principal cornp o 
tin h: - i,is rcpcse cted 1), 

where ;: x .16Xis the 27 litatrix of oliservat.ions on the 27 indicators for the16 (lisI rid'.c ,\ i ; thc 27 x 3 matrix 2 of factor loadings and F i!Athc 3 x 46tIIalrix of ulliservv~l I'Acior scorcs on eachl Of the thl'ce factors (or each of 
th 4.16 districls. 

I lie cI.ecti\ c is to deIrinine thc factor iuading matrix A and the factorSc lIs F. 'I'C fAct(,ir loadings arc the coefficmints that makC a lincar co.n bina: 
,. i,
Lito ()I tica(,,.s :11d tlhese cocficiemts are chosetn so as to ,ia.imi ic 

tlc c\plailletd vai l if)n,Iulieg,',,,ial ch:,lc,,tsin theof dJat,\/by,the first factor. .. e j f oA C'onta,,, tlhe contribution of the tLi facto' 
t,,t c :.ilanatiir ,)Ctle unit variance of the N varialcs Z, i.e. 

27
 

iu 1 'U -. 

-"wtI .,C . Jhc cr1('lv-.vldtc ofI.t.lII. jli factor '.
,\lso the to)t;rl variance to be cxplaid is trace R (whcrc I is the correi
t.i.t tii,.r ix) trace (AN ) = trace (A'A);

lie p1irol)mrt0i conLtributed by thc j~tl (actors is \/N of thc total 'ariace
 
i) Iec , lainI .'
 

ItI is:cteth'cfoc hll::
the sul oflthe suare of tie coefficients down.C0111-11i of the .:,ici 
, 

aImding *matrix is tie cigenvalue ;and also the suim- of*.
the I- -ti'..... Il. g I rowv,: -.. n . tlhe c(lii l il .h... ireIr...t.• an t Uvauoatian inl Ue valn cxplaincd l4,-the dI ec,bIeC 
fa3COI- tr. S. iT'he Coe .raalogo us to R2iln r'grcssion analysis. 
2 .I 'li!~i miioi r or(lat ; wa n1stra iiic d to fltr e , fir sly , bccn u c tl eobje ctive w to o t ain a
 

viecir ilc,ire 
 of( vwtci ing ( ihic idicaitirs, anid ccoodty, Iiciausc the cigcnvatuc or racccrs ticYotidtile itiird riuor was icmivchcy small. I lie tautcr rcason .ure.ic!tk to justiy tle constrained prochl 
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Appendix J 

Estimation of Rural Electrification Costs 

For the financ ia and econom tc ana lysis of each customer type presented In 
Chapter 3, rural electr iCPittion (RE) costs were estimated by developing
various sOmplifted unrt :ost': These unit costs were developed early in twe 
study and are based on ex iLtI ng RE practice and not on the lower cost 
approaches developed Liater and presented In Chapter 5: The cacegories for RE 
cost estimated are: customer, connection, village distribution (distribution 
transformers and LV 1Ines), and area distribution (HV lines and grid 
substatLon): Fr the customer analysis, the village and area distribution 
were combined into ote iver.ige cost called -RE distribution" on the taules in 
Chapter 1:
 

Table J-i presents the financLai and economic costs used for the different 
customer ty pes. 

The average RE distri bution cost used in Chapter 3 is b, 000 Rkw at the 
point of generation: Individual kw demands are converted to the different 
supply Levels Oy toe following factors: 0:85 to the village distribution 
transformer, 0 75 to the grid substation, and 0:65 to the generating plant: 
For example, the RE cost of 6,000 Rs/kw at generation Is equivalent to about 
a, 600 Rs/k.w it the .i stribution transformer: The RE distribution cost is 
based on a number o qinLt custs: 

I: Grid subsL ation;: 1,0(0 Rsikva with 08 power factor: 

2: HT distribution line: 100,000 Rs/km: 

3: Disribution transformers: 300 Rs/kva with 0:8 power factor. 

4: LT distribution line: 70,000 Rs/km and 7 meters per customer: 

The average cost was estimated based on the village case presented in Appendix 
K where the village has 219 customers (including tubewells) with a peak demand 
at generation Kc 6.6: kw. The length of HV distribution line used is about 
2!17 km: The breakdown of the 6,000 Rs/kw (at generation) cost is: 

I. Grid substation: (1000/0:8) * (0!75/0:65) = 1442 Rs. 

2: [IT dIstribution line: (100,000 * 27k)/86.6kw = 2502 Rs! 

3i Distribution transfoners: (500/0,8) (0:85/0!65) = 817 Rs. 

4" LT dIstrI bution line: (70, 000*U-007 * 219 customers)/86!6 kw - 1239 Rs: 

It should he tie ed Iha t tihese costs a ro app rox imattons; This average RE 
distribution cost i, Intended to be only Indicative of actual costs: 

The economic costs for RE distribution are taken to be 70 percent of the 
above financial costs: 



------------------------------------------------

- -- -- --- 

Financ~i.I and 
Economic Customer and Connection Costs
 

Financial Analysis
 

Internal 
 Service Unofficial
Uiser Types Wi ring Connection Initial Cost 

Low Income HouSehold 
 250 1200 500

Ave Income Household 
 500 1200 
 750
 
Hi oh Ircome Household 
 1000 1200 
 1000
rtibewel 1 
 500 1025o Icl000Rural. Industry 
 50(0 15000 1.n 10000
Commerc i al 500 120') 500
 

Economic Analysis
 

Internal ServiceUser Type, 
 Wiring Connection **. 
-
-... .... ......- ..-
- - -:-


Low Income Household 
 250 
 840
 
Ave Income Household 
 500 
 840
 
Hioh income Household 
 1000 
 840
 
Tubewel"1 
 500 7175
 
Rural Industry 
 500 10500
 
Commerci al 
 500 840
 

The customer charge for connection is after the 
-,000 Rs, connection 
subsidy. rhe total cost is based 
on 400) Rs for service connection, 22250z

Rs. for tle 
d istrCi buti on transformer, and 14,(00 Rs. for 0.2 km ofi-L.T I ine..:
 

ti This cost'consists of 4000 Rs. for 
the service connection, 6000 Rs. for9
 
.etra LT line, 5000 Rs. for the 
transformer. "
 

**' Economic costs are 70 percent of 
financial costs,
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Appendix K
 

Study Scope of Work
 

I. Definitions of Rural Electrification for the Master Plan Revision
 

1.1 	 Definition ttoc purposes of identification) of rural 
e [ctr if ici ionl 

L.2 	 Definition (for purposes of identif [cat ion) ot rural areas 
for the purposes of rural electrification; 

2. Select[on Me thod, 1,S mn Establishment of Criteria 

2 1Methodol' tCor of 	 social andly use economic, financial 
criteria ia selecting, areas to be electrified and policies 
regard ng ,onnec Lions to be made, giving due .-onsideration to 
established constraints including adimlnistrative practices 
and geographical distribution, as well as comparison and 
correlation of use of these criteria with physical criteria 
(eg: 	 distance to village, population, number of domestic and 
commercial consumers, numbers of irrigation tubewells, etc.).
 

2.2 Establishment of a set of alternative composite criteria
 
based on the above. This set of ceritaria are to be 
translated into physical terms by backward Linkage to the 
analysis of social, economic, and practicable in Pakistan and 
easily understanabie and useable by Engineers/Technicians in 
the field, as well as by public representatives and civil 
servants ,iLL of wlom nay be involved in village and/or 
connection selection, monitoring, and compliance. 

3. Technical Aspects
 

3.1 	identificatLon and choice of the appropriate technical 
options (single or three phase service, distribution 
equipment, distribution networks, service reliability) to be
 
used in Rural Electrification intensification and expansion;
 

3'.2 Identification and choice of generation options: isolated
 
generation (diesel, hydro, coal, etc.) or central grid
 
connection, by which a given area or group of areas are to be
 
electrified.
 

3.3 EstabLi ;hlnent of economically rational relationships among
 
GOP's Rural Electrification, other power transmission and
 
distribution system intensification and expansion, energy
 
loss reduction, and power generation expansion priorities and
 
plans as envisaged in the seventh plan.
 

K-i
 



4. Designation oF InstLtucLonal Responsibility
 

4. L 	Designat ion of the oxecut Lng agency for the GOP's Rural 
Electrif icaLLol Program, as well as identification of 
possible )peratot-( i) of 2xisting and new Rural 

ElectrtL.CIcILon g seis on behalf of the government; and 
Ceto f1ls ,11d IC LLmis to he taken. 

5. Subsidv, Priiin'. ind ConnectLon Policies 

5.1 	 Identification of the level of subsides (including 
methodology used, data requirements, and formats for 

estimating mubsidy calculations) required for, and the tariff 
issues related to, the design, construction, operation and 

maintenance of existing and new Rural Electrification Systems. 

5.2 Analysis ,f Lthe willingness of the rural population, tubewell 

users and other productive use consumers to pay the cost of 
obtaining service, the cost of wiring their homes, bus mLess 
or tubewell, and the cost of continuing service; 

5.3 	 Identification of implementable, cost recoverable approaches 

to iaprove intensification of connecti'ons through measures 
such as provisions for extended payments for the ruraL poor 
to finance the cost of wiritig their homes and obtaining
 

electric services, and provisions for establishment of
 
life-line minimum tariffs to permit access of the rural poor
 
to electric service; methods to improve revenue collection.
 

5.4 	 Simplified procedures for customers applying and being 

considered for electric service, including ongoing customer 
service improvements. 

6. Data Basis
 

6.1. 	Clear pcesentati-e-QLo-_Jiedata basis-f-c-.Lhe-sele.ction
 

criteria, including listing of the key economic, technical,
 
physical, social and financial parameters and assumptions;
 

6:2 	 Proposals for Improving the Data Base.
 

6.3 	 Description of the key data refinements and additional
 

studies required for updating of this rural electrification
 

master plan;
 

K-2 

'(V
 



7. App licat Ion Procedures 

7;I Procedures Cor Lmp lemeiii Lg ;ie "ias er ,L.11, b perational
and field entities identCi,.2d in .L above. 

7.2 Procedures ,)r it L zing the naster pLan r5or J,?veLp Lig
LiMpIementatuui plans Lr -)ro ect ; LnL1hLlh n)e :'nsdere'j 

0 C LInaIIl I 1 L L tL Li nai iLu r 11"eIC i= s , L kid i ng
procedures t7,,r j;)e,:it ',/ork ) re is 1p:r.,ritC.2 . Di;c. Zs 
the c ipabiL t es ,tld ileed C:o C 1ax L,11i ag, ') ()C ',-!Inte 11 t 
inaLerial . ,_,,tiipment nanu rlc tur'ed i wJhoie ,Lor part 11 
PakLsra i v s I vi:i the requirementL!r ruraL eLectrificatLon; 

,I lid 

7; 3 niL i, Li 1pp icaiLj o: the :riterta chrough ac Least one 
samp Le . rea d is t ri bt Lion p lanning ipp Lication in each 
prov Lc,2. The sampIe rteas chosen sha 1i Lnclude suf i Lc ent 
it I Lie; , to d ern tri the einpi rcaL vaL id it' , thL 
c r i t e C L'. . 
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Appendix L
 

Stu ies Required for
 
Rural Electrification Planning 

I. Introduction 

Generaliy, data and 
studies are required for rural

electrification planning to provide the bases for (1)
allocating funds among provinces and districts for the
construction of distribution systems; (2) selection of specificvillages 
for aew electrification; 
(3) for selection of illages

for "backfilling"; 
(4) establishment of 
new policies relating

to tariffs, connection charges, and other issues; and (5)

implementing tne process of continuing monitoring

evaluation. A,substantlai effort 

and 
.s required in bringing all


of the data sources together to create a 
 meaningful and usefulset of data bases for RE Dianning, as described in Appendix M. 

2.. Phases of 
Data Collection
 

The collection of primary data, and 
the collation of

existing secondary data, should occur over time such that the

data that are required for 
each successive phase of the
electrificatj.jn program are available 
when needed, avoiding

delays in the electrification process. 
 With limited resources,

these efforts should be 
well planned from thE outset 
to avoid
collecting unnecessary data and incurring unnecessary expenses. 

During the first few months of this RE plan, basic data ca
 every settlement 
 can be collected tnat include the numbers of
households, 
small industries 
and tubewells, and 
the distances
 
from the nearest i kV line. These data will 
then be used in

the selection of 
tcht- settlements/villages that 
are to be

electrified during the first year. Since much of these data
 
are 
already available, it should be a relatively

straightforward task to collate and present them in the 
appropriate format. 

The 
next phase of data collection proposed would 
be to
 
carry out a survey in one village in every distri.ct or tehsil,to 
enumerate kerosene and electricit) usage, and 
to estimate
 
the distributions of income. The purpose 
of these surveys

would be to 
der.ermine the differences in village

characteristics within and among districts. 
These surveys

should then be repeated, in the same 
villages and households,

in subsequent years to determine changes in usage patterns. 
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The collection of data should always remain flexible 
enough to include new data requirements as they become 
apparent, planned well enough to avoid unnecessary costs where 
possible, and at the same time be coordinated with the phased 
approach to planning ind electrificacion as discussed in 
Chapters 4 and 6. 

3. 	 Recommended Studies and Projects for Immediate
 
Implementation
 

- Data Collection Plan
 

The first task in assembling a set of data bases is to
 
establish an 
overall, detailed but flexible data coJ'ection
 
plan that is based on (I) existing data bases and so.rces of
 
non-computerized sources of data, (2) needs for decision-making
 
in alloczting budgets, electrifying villages, and establishing
 
new policies, and 
(3) needs for monitoring and evaluation on a
 
continuing basis. The major steps in this process are
 
described in this chapter.
 

- Nationwide Vil.lage/Settlemenc Sample Survey
 

In accordance with the phased data collection process
 
described above, basic data are required for all of the
 
villages/setnlements in Pakistan, to 
facilitate decision-making
 
in the first years of 
this plan. These data should include the
 
numbers of tubeweils, numbers of rural industries, numbers of
 
households and their distribution of income, numbers of
 
commercial and other consumers, distance to 
the nearest feeder
 
(as integrated witn the mapping effort), electrification
 
status, and (if electrified) the present usage patterns of
 
electricity.
 

Many of these data are already available in various forms
 
(see section 6.5). This will -reducethe amount of primary data
 
collection required, and will establish the beginnings of the
 
village data base (see Appendix M).
 

- Studies of Connection 'inarcing
 

One of the primary impediments to increased growth in the
 
numbers of household consumers is the high connection cost. In
 
other developing countries, low-interest loans are available
 
for low income households to make electricity available to all
 
income groups. A study is required to determine the number of
 
households, that are not now capable of paying this first cost,.
 
and that would connect to the system if such loans were
 
available.
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- Tariir Stiu.' 

A thorough scudy is required to establish equitable
tariffs that are ilso financially and economically viable (see
chapter 3), for all ,:ustomer groups, and Implement a systemto 
by which tariffs ire PeriodLc.liy reviewed and updated. These 
tariff computdLzons ;houid be Linked to the implementation of 
cost-saving straeL,,s that ire discussed in chapter 5. 

- PhysicsL Fue ' StudiesJSe 


AdditLonal studies are required co determine the number of 
kerosene lamps displaced by one bulb, wattage of bulbs 
installed by low and nign income users, and the amount of
 
kerosene dispiaced Li volumetric terms. 

Another Jimenslon Jr Tlese stuojes is tie laboratory-scale 
examinacion of tne nouriy consumption of kerosene, by most 
popular lamp tipes, ana under varying conditions: age of wick, 
high or low settiig, draftiness of environment, and others (see 
Appendix C). 

- Ex-Post Electrification Impact Studies
 

A fundamental set of are
data that not available in
 
Pakistan relate 
 to the impact of electrification on overall
 
energy demand, the distribution of 
income, and general economic
 
development, 
that are directly attributable Lo
 
electrification. 
Without 
these data, the total economic
 
benefits of electrification will 
be underestimated.
 

- Energy Demand and Load Research 

Research on daily 
and seasonal load durations for
 
individual connections is also required, 
for all customer
 
classes. 
 It nas been found in our case studies (see Chapter 3)

that the coincidence between peak demand 
by the customer and 
for the RE system as a whole has a substantial impact on the 
economic costs of delivering power; reducing this coincidence
 
can greatly reduce 
the overall cost. It is therefore vital
 
that the actual coincidence factors be studied and clearly
 
understood, for all 
tariff classes, in order 
to take advantage
 
of these potential cost savings.
 

A time series study or rural domestic, small industrial, 
tubewell, and commlL'cial consumer electrical energy usage,
 
starting from year of electrification for as long as a time
 
series is available, is required.
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These data are needed for each income or wealth category
 
of households, and other customer types, in a manner such that
 
they are statistically representative of villages from all four
 
provinces. They should include the rate of growth of demand
 
within households and otier connections, and the rate of growth 
of connections. They should also include the accuracy of rural
 
billing records, based, for example, on a comparison of grid
 
station electricity flow 
records with line metering records.
 

The incidence of 
"multiple household" connections, and the 
frequencies of village-industriai (for example, flour mills) 
and village-commercial (that is, imall shops and the like) as
 
adjuncts to household connections need to be examined closely. 

- Tubewell Studies 

There are several issues that are focused on tubeweiis,
 
especially in view of the unfavorable economics in this
 
application of electric power (sea 
Chapter 3). Can electric
 
tubewells be economically viable .f they are operated more
 
efficiently? If tubewells are operated only during non-peak
 
hours, will that enhance them financially from WAPDA's
 
perspective? Should the connection subsidies and tariffs be
 
changed, and if so, by how much?
 

Given the popularity of electric tubewells, and the
 
benefits derived 
from them that are difficult to quantify (such
 
as the lower requirements of uanagement resources, especially
 
among small farmers), these issues must be addressed carefully
 
and in depth.
 

- Mapping
 

An important issue in the village daca set will be the
 
location of 
villages, grid stations, and feeders. While this
 
task must be done on a continuing basis, it must be started as
 
soon as possible, since much of the RE planning effort will
 
require these data.
 

As more villages are electrified, and more grid stations
 
and feeders are constructed, more villages will be closer to
 
connection points. This cost reduction benefit can only be
 
captured if new electrification is 
tracked on a locational
 
basis.
 

This task will involve the establishment of a nationwide
 
computerized data system that, 
with frequent updating, will
 
include map coordinates of all settlements, grid stations, and
 
feeders, along with the electrification status of settlements,
 
capacities and available capacities of 
the grid stations and
 
feeders.
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- Complemenitary invescments Studies 

As discussed in Chapters 
3 and '4, rural electricity has
aspects of both an LnC11vidual service and an investn'_ent that 
complements others. As a complementar- investment it will be
important to measure 
cne extent that other development

infrastructure and services ire available in an area under RE 
consideration. 
 Lt is nererore necessary to adjust the 27
 
measures f deveiopment potential that are listed in Ref 45 ind 
discussed in Chapter .. 

- Completion ia Integration of PTAT and DacaWAPDA Bases 

As described in Appenclix M, there are two computerized
data bases now under development chat must be completed. The 
first is the W4APDA "Iaster File, cnat contains meter records
 
from every connectiQ. This data base is 
presently under
 
development, since several 'f tne AEB's are undergoing
 
compute rizatijn.
 

The data base developed by PTAI and USA-ID is still in the
data collection stage. Both of these data bases 
are vital to

RE planning, and should be integrated, along witn the
 
vilage/settlement survey data, into 
the village data base (see

Appendix M). 
 They are described 
below in this chapter, and
 
should be completed at the earliest possible date.
 

- Interim Technical S.aiadards and 
Supply Alternatives
 

A study is required to establish a 
set of interim
 
technical standards 
that can be implemented quickly, 
in order
 
to achieve short-term cost 
savings in the distribution of rural
 
electricity (see Chapter 5 and 
techncal Appendices).
 

4. Long-term Monitoring and Evaluation
 

- Statistical Fuel 
and Electricity Consumption Surveys
 

These more 
extensive than the short-term efforts required

for understanding energy demand 
and tor load research. They

represent the continuation of 
the phased approach to data
 
collection and analysis 
as discussed in section 6.3.1.
 

The most difficult method of 
data collection is from
 
surveys, since they 
tend to be time consuming, expensive, and
 
require widely varying skills 
in implementation. 
 Village
 
surveys will be 
necessary, however, on 
a continuing basis to 
obtain the detailed data that are required for RE planning. 
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These surveys should include energy consumption and
 
expenditures, income or 
wealth measures, willingness and
 
ability to pay for electricity, and through analysis of the
 
data, the impacts of RE on employment and income distribution.
 
They must also include the cultural aspects of energy
 
consumption among households, 
in order that the true social
 
impacts of elecirificatlon may be better understood. 
 These 
studies will nelp to establish socio-economic weights ror use 
in economic analyses oP RtE.
 

Many of these cuirural variableq are lost in the calculus
 
of RE, since cultural aspects are often taken for granted among
 
Pakistanis professionals, and frequently misunderstood among
 
expatriates. These oversights can to
lead misinterpretation of
 
data and erroneous conclusions. 

Laeaiiv, every village that is considered for eventual
e2lectrifLcaition should be surveyed to this oflevel detail. In 
Pakistan, this snould in fact include Thisall settlements. is 
impractical, at least in 
the opening phases of the planning
 
effort. A viable compromise must be reached between the need
 
for accurate data and scarcity of resources for data
 
collection. The compromise should 
take the form of . cluster
 
type of sample, whereby the data --cm several villages
 
represent those from all of the villages 
in a particular
 
district or tehsil. At a minimum, households should be
 
completely surveyed in one electrified village and one
 
non-electcified village, in every district or 
tehsil.
 

In addition to household surveys, data concerning the
 
villages themselves should he collected: local market and
 
economic prices of fuels and appiiancus, and the costs and
 
revenues involved in the delivery of electric power to 
a
 
specific location.
 

The data obtained from these villages may th~en be used to
 
characterize the 
other villages in that district, in terms of 
energy demand. They should therefore be large enough in each 
village to be statistically significant. 

- Impacts of Electrification on Small Farms and 
Industry
 

It is probable chat electrification of farms and rural
 
industries will result in increases in productivity, due to
 
both the increased quality and convenience of electricity when
 
compared to alternatives, and c..iricreased hours of production
 
from improved lighting conditions. It may also lead to
 
increased employment, for the same reasons.
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LC S Lportanc in tne evaluation of RE to understand these 

potential DeneeiLs, so Is to avoid undervaluing the benefits derived. 

- Technical ,r-inuards Evaluation 

New technical itandards snould be developed, to update those 
discussed Ln -sectLon ).3.B above, on an ongoing basis, to ensure that 
the least co) procedures ire used without sacrificing quality of 
serVLCe. 

-TarifI Studies
 

The studies described in the previous section must be updated on 
a continuing basis, on the ways in which customer fees (connection 
charges, FAC, and tariffs) relate to the costs of generation,
 
transmission, and distribution, implicit subsidies, and the transfer 
payments wicnin 4APDA and between WAPDA and otner agencies. 

- Updating of PTAT, WAPDA, and Mapping Data Bases 

The WAPDA Master File, that contains meter records from every
 
connection, must be updated monthly, and summary data bases generated
 
as neede4 for RE pianning. The data base developed by PTAT and USA-ED,
 
and the Mapping data base, should be updated annually. After 
updating, summary data shouid be extracted from this file for use in 
RE planning. All of these must be integrated, along with the survey 
data described in above. 

5. Summar-7 of Required Studies 

The two sections above describe studies chat are required for
 
immediate implementation, and those that must be implemented on an 
ongoing basis, tu provide for continuing monitoring and evaluation. 
These are summarized in tlic following Table L-1. 

The first task among the projects for immediate implementation
 
is to establish a detailed data collection plan. This will provide a
 
schedule of dita collection activities 
to allow for the coordination
 
of resource allocation (manpower and budgets). It should be
 
completed immediately by the new central REO.
 

Several of the immediate tasks involve overlapping geographic
 
efforts: the natilonwide village/settlement sample survey, ex-post
 
electrification studies, and 
energy demand and load research. Al of
 
these involve extensive (and in some cases intensive) data 
collection, from widely dispersed locations. They all focus on the 
customer level as the unit of analysis, and the data collected will 
be useful in building the village data base (see next section), in 
estimating the benefits ot electrification (see chapter 3), and in 
esta'2iishing policies. 
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Table L-1 Required Studies
 

For Immediate Implementation:
 

- Data Collection Plan 
- Nationwide Village/Settiement Sample Survey
 
- Studies of Connection Financing 
- Tariff Study
 

- Physical Fuel .Se StudieS 
- Ex-Post Electrification Impact Studies
 
- Energy Demand and Load Research 
- Tubewell StudLeS 

- Mapping 
- Complementary investments Studies 
- Completion and integration of PTAT and WAPDA Data Bases 
- Interim Technical Standards aud Supply Alternatives 

For Long-Term MonLtoring ind Evialuation: 

- Statistical Fuel and Electricity Consumption Surveys 
- Impacts of Eiectrification on Small Farms and Industry 
- Technical Standards Evaluation 
- Tariff Studies
 

- Updating of PTAT, WAPDA, and Mapping Data Bases 

The village/settlement survey, ex-post studies, demand and load
 
research, the mapping task and the completion of the PTAT and WAEDA
 
data bases, should be completed within the next six months to allow
 
for the rapid establishment of the first village data base. These
 
tasks should be designed by the central REO and implemented by the RE
 
Offices in the AEB's.
 

Setting interim technical standards should result in immediate
 
benefits through cost reductions (see chapter 5). These should be
 
implemented within the next six months, by the central REO.
 

Tariff, tubewell, and connection financing studies all relate
 
to customer payments. It is logical for them to be conducted as
 
linked efforts, with the connection and tubewell studies added to the
 
tariff study. All of these tasks are related to policy options.
 
They should be implemented within the next twelve months by the
 
central REO.
 

The remaining tasks for immediate implementation, studies on
 
physical fuel use and complementary investments, do not have as high
 
priorities as those liszed above, but they should be started during
 
the first year of this plan. The physical fuel use studies should be
 
conducted by the central REO, and the complementary investment
 
studies, being regional, should be implemented by the RE Offices in
 
the AEB's. 
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, 1tee [1tT rjects for Long-term monitoring and evaluation,
 
staltistical 
surveys, impacts of electrification, and tariff studies
 
invoive periodic Ldealiy 
 annual) field data collection. Teams
 
should be organized by the REO's in the AEB's to 
 collect the required
data simultaneous>,. These data will at first be analyzed at the
 
central REO, untci -iIcn tine that 
the computer programs are developed 
ani CIstrLIDUteu -- ) IleAEB' s. 

The .4APDA "Iaster ?'Lies ire updated monthly by the AEB's; tne
 
summaries of these dita bases are required for RE planning only 
on an
 
annual basis, -o onliy annual updates from these data bases 
are
 
required. However, the :reation of 
new summary files will be
 
recuired ev,--ry aoLti. 
 These data will be collated by the AEB's and 
passed on to the centrai OE. The Mapping and PTAT data bases are 
updated yearl', by Lhe AEB's. All of these will serve to update the
 
village data base every year.
 

Based on revisions of Labor and equipment costs, and 
on the
 
development of new equipment manufacturing technology, 
technical
 
standards should be updated every year by 
the central REO. This will
 
ensure that the system is maintained using least-cost standards and
 
procedures.
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1)ev- , p mei, L t, I t?H Lei L cos t Ru ra L E Iec t r i ficat ion
 
Are i i:*<'i
 

The leist cost Rural Electrification Area Expansion Plans shall
Lndicate -.:Ie optimized transmission, grid station and distributionnetwork ,:)nfL.;uraticos oin aps to scale 1:30,000 and shall include as 
I Ininimunm th0 C!)LiowtiIg 

* 7 Joei q all vilLages in the census Lists on naps 

o Preparation of as-built maps of existing distribution system based 
on available data from WAPDA subdivisions or distribution mapping 

* Limited CieLd surveys to determine parameters for the Load forecast 

o Preparatiun ,)f nrnerg, ,nd demand forecasts b,' individual villages
irea;a,nd the as wnouet roatinn the tubeweIi demand on special

bas is 

o Deter:ine the best i'.ILegrated solution for transmission, grid
stations and distribuLion expansion inciuding determine action ofthe most suitlble :noi:ce of primary voltage phaseand opLions 

o Determine to Dos(. suitable choice of distribution equipment and 
ma t e r i a i 

o Prepare Tihe design of Most Suilable network configur tions for the 
HT .1nd LT networks 

Prepare designs for a selected number of villages of LT 
distribution 

0 Prepare estimates of capital investment, presen,; worth of benefits 
and data by villages and feeders in accordance with the 
requirements of the village data base 

o Show the network configuration for :1:the networks to scale 
scale I:5000. 
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Appendix H
 

Data Base Requirements for
 
Rural Electrification Planning
 

1: Required Data Bases
 

One of the object ives of the studies described in Appendix L is to 
develop data bases for RE planning, as well as for long term 
monitoring and evaluation- This section describes the data bases that
will, in part, result from those studies, and sources of existing data. 

L!1 The Vitlave. Data Base 

The main purpose of the village data base is to provide an
 
analysis tool for evaluaLing villages in terms of costs and 
 benefits,
for eventual electrification This should be a set of data bases,
 
same of which contain data for all settlements, others containing
statistically representative data. 

One of the difficiLties of collecting data from rural areas inis 
the definition of the "unit of analysis." This "unit" is the offocus 
decision-making, and is crucial 
to effective data analysis: In the
 
case of RE, this Uit is the "settlement," but this term must be
 
clearly defined and consistently used, to include all centers of 
rural
 
population: The traditional 
usage of the term is ambiguous, referring
 
to a "sub-village' thereby excluding central villages: 
 A more
 
appropriate definition, as discussed in Chapter 1, would be any

population center with a predetermined number of people 
or households.
 

These data should be collected at least twice, preferably after a
 
one year interval, in order to estimate the 
growth rates in the
 
numbers of connections and the load growth for connection
each type,
in electrified villages. 
 It will also allow for the estimation of
 
changes in demand 
of other energy sources for which electricity is a
 
substitute such as kerosene. See 
the section in this chap.ter on data
 
management for the uses
further details on of these data!
 

Another important reason 
for follow-up data collection is to
 
assess the impact of electrification on the economic growth and
 
distribution of 
income within villages resulting from
 
electrification! This will improve benefit
the accuracy of 

measurements 
from RE for those villages that are still not
 
electrified! Toward 
this end, the industrial and agricultural

production levels should be 
measured, 
fur all villages. Therefore,

data must be collected from 
villages before and after electrification:
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ij..2 The District Dat,, Base 

There are ;everai ilternatives under consideration for
 
aLlocating RL resources amung 
 districts (see chapter 4)! Many
of the variables required tor these data bases can be generated 
as aggregates from vitLage bases:the data numbers and sizes of 
connected and nonL-connected households, population, and
 
villages; 
 ag r ltur-i nd Lndustrial development, 

One of the ipproaches discussed in Chapter 4 is based on 
27 indicators of development (ref 45)! These indicators must 
be updated annually, for all districts, and maintained in a
 
data base for analvsis.
 

1:3 The Provin,iil Data Base 

The aillocation of resources to the four provinces and FATA
will be a function of rural and total population, number of
 
villages, households, and population that 
are electrified and
 
not electrified, and the 
 average cost of village
 
electrificati.on: 
 These data can be derived as aggregates from 
the districL data bases: if the village and district data
 
bases are maintained, no further data collection should be 
required.
 

2. Sources and Status of Existing 5ata 

The most obvious and comprehensive source of data is from 
WAPDA itself, where two substantial sources of computerized
data are under development! One is the WAPDA/USAID Power
 
Distribution Program, Rural 
 Electrification Project data base,
developed at PEAT, which has data on the village and subvillage 
level:
 

WAPI)A also maintains data bases, among the AEB' s that are 
now computerized, containing complete meter data for all 
connections: In those AEB's that 
are not computerized, the
 
SDO's often -,nainrain records on all connections;, these_ data 
be compuctrized, but at a consid erab level of 

may 
e effort: 

The provincial governments are another potential source of 
data: At least two provinces, Sind and Punjab, have collected 
data concerning the electrification status of settlements! 
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2:1 The PTAT Data Base 

This computerized data 
base includes general demographic
 
data, including village location in 
terms of district, tehs L,
AEB, and hadbast; Census ID code, village or subvilla~e name, 
the number of sub-villages in a given village (all of which 
are

listed), a map reference (but no coordinates), population, and 
numbers of households!
 

it Ai:;o iucld2s data related to electr, )ower, including 
the year that the village was electrified (if applicable), 
status o electritlcation (if -properly electrified", not
 
electrified, or not properLy electrified"), the identification 
of the nearest grid station and feeder, distance to the nearest 
existing feeder in Am (if the village is already electrified, 
this distance is zero), aid the number of household, 
commercial, tubewei ., and industriaL connections! This data 
base can also be assoc iated with inother existing data base at 
[rTAT, that has i.nfuration on feeder and grid ;tation sizes. 

The data contained in these data bases are vital to the 
village RE planning data base, and should therefore be 
completed and updated annually: 

2:2 WAPDA Master Files 

This data base is really set ofa data bases that is 
maintained by the individual AEB's: 
is used to create and maintain these 
the Computer Center in WAPDA Lahore, 

The computer program that 
data sets are written by 
and are therefore common 

to all of the computerized the AEB' s 

Only four of the eight AEB's are now completely 
computerized; the Peshawar AEB is partially computerized. 
Efforts are continuing to computerize all AEB' s. 

Unfortunately, these data do not seem to have the same 
fields for location as does the illage data set at [TAT
(tehsil, district, etc:): In the WAPDA data base, they are
 
identified only by the sub-division and the village name: 

This .ata base is necessary for the building and 
maintenance of 
the village RE planning data base, since it 
contains data on consumption of electric power for individual
 
connections!
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2:3 SDO Meter Data 

Among the AEB' s that are not yet computerized, billing and
 
metering data must be collected from Sub-Division Offices in
 
the field: 
 At least some of these offices maintain data for
 
each connection, concerning the tariff class and meter
 
readings, by montl., for several years: These can be used to
 
fill in many of the gaps where computerized data are not yet
 
available:
 

2-4 Provincial Data
 

The provincial governments of Sind and Punjab have
 
collected data concerning settlements! In Punjab, a list was
 
compiled in 1987 by Power and Irrigation, of 64 randomly

selected electrified census villages! 
 It includes the names of
 
all non-eLectriieid settlements 
in those villages, distances to 
their nearest 11 kV lines, and the costs of electrification of
 
each settlement. 
 The overall average number of non-electrified
 
settlements Ln 2ectrLit ed villages was 
2>25
 

The Sind Bure'ju of 3tatistics, Planning and Development
Department, has publisihed the results of a survey of rural
 
settlements in i986 (Ref 
1b3 and 164). It includes the 
eltctrification status of each settlement, and the distances to 
the nearest high tension line for those that were not yet

electrified! The data are 
in computerized format!
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PAKISTAN RURAL ELECTRIFICATION
 

MASTER PLAN REVISION
 

TECHNICAL ANNEXES
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TABLE TI-17 
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16579 2450 25373 
78373 92539 69,2 

67288 
54496 
121784 

34763 
25287 
60050 

24952 
9487 
3U38 

31193 
20754 
51946 

31069 
20754 
51823 

25333 
3034 
SE.672 

20934 
21015 
42010 

193K 
29466 
4I763 

1,,'31272857S 
222. 4393 
e'4,2u 78S6 

3602 
49993 
,S 

. ' , f r + 1 

, 
c 

Structures 
Xard. sre &,Fcundat ion 
Tota1 

85504 
22756 

103259 

87522 
3822 
126344 

60364 
34802 
95166 

92319 
74769 
167088 

47607 
34631 
82238 

k4160 
12987 
47147 

42759 
28450 
71209 

42590 
28450 
71039 

35443 
42302 
77750 

23914 
23943 
57S56 

2636( 
402dC 
66600 

.7u 
7. 

5077 

2E573 
49993 
78576 

36032 
49.99 
3080 
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TABtE Il-IS 

Ct(I CkWARIS4 LADIFFErENT FLE OFTIOriSFA (C[f6SIELI.E3FE.Ron 
F.A'ZD ALCW&E SPAN LEtTHS A'k FACTOR OFSAFETY 2SR4 PtAIIN&M 

ili0 FRESSIRE -8 lbs/s<It 
YERTICk FCUI O1N 

Sr OESO IPTINc 16L E tLE Fft; FMi KCXE F;l~ t i It 
 :Lf~ ;q.-
A 5A7 1I. 5 2 

.F i LE,'YHS 
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TABLE TI-18
COST COMPARISON OF DIFFERENT POLE OPTIONS FOR COMFOSITE LIMES PER kh
BASED ON MAXIM IMALLOWAKLE SPAN LENGTHS AND FACTOR OF SAFEfY 2 S 

WIND PRESSURE =8 Ibs/sq ft 
VERfICAL FORIIATION 

----- -----------~~~~~~~~~~~~------
Sr DESR!FIIc'M POLE POLE POLE * POLE ----POLE POLE POLE POLE POLE POLE FOLE FCLENo.. POLE POLE2 3 ' 4 S 6 7 C- I(' it 12 13 14
 

. Wasp f Ra bit .
 

a 
b 
I 

Structures 
Hardware & Foundation 
Total 

S4621 
12297 
66918 

S6791 
21309 
78100 

3852 
20)625 
59208 

57868 
43456 
101324 

58920 
39740 
98W6 

26460 
8510 
34970 

30240 
17020 
47260 

30120 
17020 
47140 

2S215 
23483 
56699 

33637 
28433 
62120 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

4 (hafer + Dcg 

a 
b 
c 

Structures 
Hardware &Foundation 
Totz) 

75146 
16918 
92064 

75139 
28194 
103332 

53004 
28335 
81339 

79618 
59789 
139407 

58920 
39740 
98660 

30138 
9693 

39831 

37014 
20832 
57846 

36S 7 
208332 
57699 

032 
30670 
61052 

33637 
28483 
62120 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 
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DESIGN STUDIES OF POLE OPTIONS
 



ANNEX T-L
 

iFS[,;N ; TUJDHES ;F POLP,:'PT [OIS
 

A detailed *it-sign study of 
'ourteen distribution poie options was
carried out under this project. The study is entitled, "Design
Study of Distribution 
 Pole Options". The fourteen options
incud o,d poies 
to 	ANSI standard, 3 steel 
 atatce and 9
prestresse,i concrete 
poles.
 

2 P)OLE TYPHS 

The fourteen poles ar-e as under.
 

Pole I: Vood pole to ANSi - class 7 for HT, 35 ft. height, 203 kg

weight.
 

2: 	Wood pole to ANSI - class 9 for LT, 30 ft. height, 141 kg

weight.
 

3: 	WAFDA 
Standard HT and composite line steel lattice pole,

34.66 ft. height, 203 kg. weight.
 

4: 	WAPDA Standard LT 
 line steel lattice 
 pole, 31.1? ft
 
height, 136 kg weight.
 

5: 	PTAT designed shortened 
 VAPDA HT steel lattice pole,

31.17 ft height, 151 kg weight.
 

6: 
VAPDA Standard HT and composite line prestres3ed concrete
 
pole, 36 ft height, 1079 kg weight,
 

7: 	WAPDA 
Standard LT prestressed concrete poie, 
 31,17 ft.
 
height, 696 kg weight.
 

8: 	PTAT 
 designed shortened WAPDA HT prestressed concrete
 
pole, 31.17 ft. height, 700 kg weight.
 

9: 	 Low cost prestressed concrete pole, 29.5 ft. height, 391
 
kg weight.
 

10, Low cost prestressed concrete pole, 29,5 ft. 
height, 470
 
kg weight,
 

11: Low cost prestressed concrete pole, 26.2 ft. 
height, .317
 
kg weigh, 


12: Low cost prestressed concrete pole, 26.2 ft. 
height, 364
 
kg weight.
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13: 	Lcw cost prestressed concrete pole, 24,6 fIft. height, 
kg weight. 

14: 	Low cost prestressed concrete pole, 24. ft. height, 
kz weight.r 

The 	 resus *,, the DeLailed Desi;n Study are summar:sed Tn ab 
TI-I to 71-13. 

Using various conductor combinations, for three phase and sin;
 
phase HT, LT and composite lines in vertical and horizoni
 
formations, maximum permissible spans by pole strength wE
calcuiated for all the fourteen poles. Similarly, allowai
 
spans, with reference to sag-tension calculations, wE
 
calculated. Based on these two methods, the lowest of
 
calculated spans were selected as the recommended spans wi
 
reference to both pole strength and sag-tension.
 

Allowable and recommended spans have been summarised for thr
 
phase HT lines (table TI-I, T1-2), single phase HT lines (tat

TI-3, 1-4), three phase LT lines (table T1-5, T1-6) and thr
 
phase composite lines (table T1-7, T1-8), for wind pressure
 
lbs/sq, ft. and 15 feet ground clearance.
 

3 COST COMPARISONS
 

Cost comparisons of pole options for different conductor and Ii
 
combinations were made. Detailed analysis is given in the Desi
 
Study of Pole Options. A summary of results is given in tabl
 
TI-9 to Tl-18 for different types of lines.
 

4 CONCLUSIONS
 

The following conclusions can be drawn from the pole study:
 

WAPDA should immediately stop procurement of steel latti
 
structures for HT, LT and composite lines.
 

The existing 36 ft prestressed concrete pole should be us
 
for 	composite line only,
 

The six light weight prestressed concrete poles offer the mo
 
economical line construction and should be introduced in rur
 
electrification for both HT and LT lines, without any delay.
 

The capacity of the existing VAPDA and private sector po
 
plants should be increased to meet VAPDA's tocal requiremen
 
of low cost distribution poles,
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lIMi T-I
 
DESiGI STfD[IE OF POLE OPTIOIS
 

LIST QF TABLES
 
Table Ti-I Allowable spans with reference to Sag-tension calculations 

for three phase 9T lines for different po''e options.Ground clearance : 15 ft. Wind pressure = 8 Ibs/sqft. 

2 Recommended spans with reference to 
tension calculations for three phase
pole options. Ground clearance : 15 
lbs/sq.ft, 

pole strength and Sag-
IT lines for different 
ft. Wind pressure = 8 

3 Allowable spans with reference to Sag-tension calculations
for single phase HT lines for different pole options.Ground clearance : 15 ft. Wind pressure m 8 Ibs./sq.ft. 

4 Recommended spans with reference to pole -trength and
tension calculat~ons for single phase HT lines
different pole opcions. Ground clearance 15 ft. 

Sag
for 

Wind 
pressure 8 lbs./sq.ft. 

5 Allowable spans with reference to Sag-tension calculatIonsfor three phase LT lines for different pole options.Ground clearance 15 ft. Wind pressure = 8 Ib./sq.ft. 

6 Recouuended spans with reference to Sag-tension
calculations and pole strength for three phase LT lines for
different pole options. Ground clearance : 15 ft. Wind 
pressure =8 1,bs'sq.ft. 

7 Allowable spans with reference to Sag-tension calculations 
for three phase composite lines for different pole options.Ground clearance : 15 ft. Wind Pressure = 8 lbs/sq.ft. 

8 Recommended spans with reference to Sag-tension
calculations and pole strength for three phase composite
lines for different pole options. Ground clearance : 15 ft. 
Vind pressure = 8 lbs./sq.ft. 

9 Cost comparison of different pole options for three phase
HT lines per ka based on maximum allowable span lengths andfactor of safet7 2.5 Wind pressure = 10.2 lbslsq.ft. 

10 Cost comparison of different pole options for single phaseOT lines per km.based on maximum allowable span lengths andfactor of safety 2.5 wind pressure = 10.2 lbs./sq.ft. 
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DESIGK STUDIES OF POLE OPTIONS
 

LIST OF TABLES
 

Table TI-il: Cost comparison of different pole options for three phase
HT 	lines per km based on axlmum allowable span lengths and 
factor of safety 2.5 wind pressure = 8 lbs/sq.ft.
 

12: 	Cost comparison of different pole options for single phase
liT lines per ka.based on maximum allowable span lengths and
factor of safety 2.5 wind pressure = 8 lbs/sq.ft.
 

13: 	Cost comparison of different pole options for three phase
LT lines per km.based on maximum allowable span lengths and
factor of safety 2.5 wind pressure = 81bs/sq.ft. horizontal 
forna tion 

14: 	Cost comparison of different pole options for Lhree phase
LT lines per ki.based on maxiz allowable span lengths and 
factor of 
 safety 2.5 wind pressure = 8 lbs/sq.ft. vertical 
formation 

15: 	Cost comparison of different pole options for single phase

LT lines per ks.based on maximum allowable span lengths and 
factor of safety 2.5 wind pressure = 8 lbs/sq.ft.horizontal 
formation 

16: Cost comparison of different pole options for single 
phase

LT lines per ku.based on maximum allowable span lengths and
 
factor of 
 safety 2.5 wind pressure = 8 lbs/sq.ft. vertical
 
formation 

17: 	Cost comparison of different pole options 
 for composite

lines per km. based on maximum allowable span lengths and 
factor of safety 2.5 wind pressure =8 lbs/sq.ft.
 
horizontal formation
 

18: 	Cost comparison of different pole options for composite

lines per ka. based on maximm allowable span lengths and

factor for safety 2.5 wind pressure = 8 lbs/sq.ft. vertical
 
formation
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TABLE TI-I 
ALLLJVABILE SPAJ VITH REFiREI(E TO SAG-TENTIO CALCU.ArIHMN 

FUR T11RES PHASM HT LINES FOR DIFFERENT JULF UITIONS. 
GtRUND CLEARANCE 15 FT. VIkD PR!F IRE 8.00 I.Q;, /!X FT. 

Nil. DUISC;RIPTIO FS3 ',Jlj) M.JI. 
(Fr) 

-;rE-LiL LATTICE 
(FT) 

PR3",1,33'';1 (111CRETI" (FT) 

35 

! 

30' 

2 

VAPDA 
34 66' 

| 

VAp3A 
31.17' 

4 

FTAT 
:11 .Ij 

5 

VAPDA 
36' 

6 

APJDA 
31.17" 

?6 

ITAT 
31.1' 

i.(I 
,' 

' 
I , 

V11 
' b(2) 

I' 

U:U 
26.2 

II 

ii.' 
26.2 

2 

I01) 
. b" 

1:3 

U:P 
2'.6 

14 

S. NoIe 2 
2.5 

656 
656 

525 
525 

65b 
656 

59U 
',00 

b9o 
590 

656 
656 

590 
5w 

59U 
59U 

5,5t)." 
;'*. 

3 13 
:J;," 18 

2. u I:IIl 2 
2.5 

689 
689 

558 
558 

689 
589 

556. 
558 

558 
55Z 

?54 
?54 

558 
.556 

558 
558 

492 
49: 

:194 
394 

3268 
32l 

3. Gopher 2 
2.5 

722 
722 

558 
558 

722 
722 

623 
623 

623 
623 

722 
722 

b08 
623 

608 
623 

422 
5!18 

394 
394 

;,95 
;111 

4. Veatel 2 
2.5 

689 
689 

525 
525 

689 
689 

590 
590 

590 
590 

689 
689 

590 
590 

590 
590 

t)5 
52J 

52)t 
525 

304 
.(14 

390 
394 

295 
"295 

5. 

6. 

Rabbit 

Dog 

2 
2.5 

2 
2.5 

656 
656 

65 
656 

492 
492 

525 
525 

656 
656 

656 
656 

574 
574 

525 
525 

574 
574 

525 
525 

656 
656 

656 
656 

574 
574 

52b 
525 

574 
574 

525 
52.5 

492 
492 

492 
42); 

49 
492' 

49Y2! 
4W 

3.'1 
3'8 

.3(14 
394 

3:128 
3:8 

394 
394 

;'9't 
;.35 

295 
295 

332 
332 

7. Pel Ican 2 
2.5 

590 
590 

459 
459 

590 
59O 

525 
525 

525 
525 

656 
656 

525 
525 

525 
525 

5 9 
459 

459 3"'1 
18:33 

328 
3:8 

262 
262 

2t2! 
t!02 

8. Panther 2 
2.5 

772 
772 

525 
52 

722 
722 

590 
510 

590 
590 

722 
722 

590 
590 

590 
590 

525 
525 

25 
525 

394 
14 

394 
394 

328 
:L38 

3218 
138 

9. y 2 
2.5 

!)590 
t90 

459 
459 

590 
590 

525 
525 

525 
525 

656 
656 

525 
525 

525 
525 

41,9 
459 

4,9 
4,19 

1;.3 

:X28 
.3, 

326 
.3.1 
262 

28 
262 

I!; = Factor of Safety 



TABLE TI -2 
RECIJMREADFI) ,SP)AlSWIT ;jE.ji.)-CB TO 1OLE STREUGTII AID SAG TEITI{Im CAI-UI.ATIRA;FUR THRE_ PASE [IT LIIES FOR DIFFERFAT N)LE [}I'TJOl!;AUUID CLEARjjC: 15 FT VIND PRF-Z;URE 8.00 l.ji;/DQ.P

1. Xole 

2. Squirrel 

3. Gopher 

4. easeI 

5. Rabbit 

6. D g 

7. Pel Lc.,a 

8. Pantber 

9. ( v.py 

..F:; Fa tor ofof 

10.r (Prf) N;S-lED LA.-TI.R 

35' 30(' VAPDA VA 'UA PrlA VAPDA 
34.66' 31.17' 31.1'" 36' 

. . . . . . . . ... 

2 656 525 66 590 590 L5o 
2.5 656 525 650 590 590 656 

2 689 55. 689 558 558 7542.5 689 536 (39 558 554 754 
2 722 558 722 023 623 7222.5 722 558 722 532 623 722 

2 689 525 689 590 590 6d9
2.5 576 436 689 485 590 669 

2 656 492 656 469 574 656 
2.5 577 492 656 375 574 656 

2 512 299 656 333 525 6562.5 410 239 570 266 525 6,6 
2 350 205 487 228 489 612 
2.5 280 164 390 182 391 41.0 
2 345 202 480 224 481 603
2.5 276 161 364 179 385 4112 
' 320 190 45 212 454 569
2. 621 152 363 '59 363 455 

- --- ------L f t .. . 

YAPD, lAr 
31.17 3i. 17 

7 

590 590 
59U 590 

558 t55 
558 558 

623 623 
623 63 

590 590 
590 5190 

575 57s 

460 469 

408 408 
327 327 

279 279 

223 223 

275 275 
220 "... 

260 2t0 
208 206 

---

7II'I. 

52, 
525 

492 

492 

55J1 
441 

503 
40? 

389 

311 

276 

22 

189 

151 

18a 

148 

17' 
140 

4 

Tl (Fr) 

U.uP :P 
2)5(2) 26.2 26.L 

i) 11 I 2 

361 
361 

394 

394 

39495 

b2b 394 39 
525 394 394 

492 328 326 
492 326 38X8 

404 289 394 
323 23!1 334 

2/7b IP ' 2t5 
221 156 2::I 

272 195 2 1 
217 116 '1) 

;! 164 2t 
7 t147 21.t 4--------------

LCP 
27.6 

13 

328 
328 

328 

128 

2. 

2 

295 

5 

L9 

25 
2,36 

202, 

l0I 

199 

9 

14 
I 

LCP 
27.6' 
14 

332 

266 

293 

234 

2,9 

")" 

2'3 

1823 
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TABILEALINA|IZJE 	 T1 3SpAIS ITI] REF-EREICH To SAG Tln:;mt| (-AIlUIArI(I,,; FRSINGLE PUASE HT LIKES FJR DIFFEREIT IJuI.F 0L'rLyl:;ERiUEDCIARAICE : 15 FT. VIED PREURF 8 Q; /.!;/FT 

Nil- DF'2;RII'TIH ;,:; ti11 m.
I26 :-rEEL LA FrIh EIMWE.TE FT 
(I.CI(FT) 

3" .10' AIDA VA'IDA F'TAT VAIJA VAPDA IrA r iU l' I IA:1, IU i I:1, IAIl34 66' 31.1''I1JI.E )1 2 	 171' 3 ' .3117' 31 17'3 4 5 	 ,:9. '(I) 29.b'(2) 2.2'6 7 8 	 ' 21.6'V, 27.6 " 0 ii I I 14 

I Role 2 65 !.t25 656 590 bO Y56 590 

59o 590 556 590 

5902.5 	656 !25 656 325261 
Y9o 525 M3612. & u e 1 2 689 558 689 556 558 7b5 
 556 
 t') 4922.5 689 558 689 558 558 	 W89412,
754 598 
 Y8 492 

3. Gpht- 2 722 558 722 	
394 1213 

623 023 722 623 5586232.5 722 556 722 	 J4 iS623 623 722 623 
 11,18 
 3944. Vea ;-I1 2 6d9 525 689 590 590 689 5902.5 	 59(J 525689 525 689 590 590 689 590 
525 314 34 '(j5

.590 525 52b 394 394 .l55. Rabbi it 2 656 492 655 574 b74 656 574 t742.5 	 492658 492 656 574 	 492 .328 1 8574 656 	 's574 574 492 
 4J2 
 .!8 3::3 '6. DuR 2 656 525 656 b25 525 656 
 525 5."5 4922.5 656 525, 656 5125 525 	
4 12 .44 A)4 AI32656 525 5.2I5 1j2 462 394 q4 t,7. Pelican 	 :132
2 b59 459 590 525 525 656 525 b, 
 !'), 1592.5 59( 	 :32849 590 525 525 656 	 ', '(2 2)12525 
 51) l'tjs 4',9 328 :1A ' 28. l'anthet 2 772 5,:t 7,22 b90 '190 722 b902 	 59( 577/2 5;'t 712 590 )90 	 '14 3q4 1' :3722 590 t,)(j 'Y2. ,25 .304 III .I.' .1:,:i1). (i.prvy *1 5Y) 459 590 525 525 656 525
2. 	 4,, 4595941 45 590 	 ,18 .1'525 525 	 ' 656 525 525 119 459 .1:28 I ' ,' 

I. lE0;..[All r w( I 
. .R .I' 

... 

http:EIMWE.TE


HE(JIRMENDED TABLE T1-4SPAIS WITH REFUECE TO R"L STRENGTH All) ';A(; rENSJ(]l CALCUI.ATI(JN,;FOR SINGLH PHASE HT LIMES FOR DIFFiIRAT IUL.E (i,,Rt;GROUND (LEARANCE : 15 FT. VIED PRFi pJIF 1 / Fa. 

1N . DESCRI I'TION F:; Vf)D ---- ---------------------1rILE oS'TIiL I.AFTICF. --------- -
(FT) (FT) F -f;la)(119RETF (fT 

3'" 30' VAPDA 
:14.66; 

VAPDA 
31.17' 

TAT 
31.17-

VAIDA 
36' 

VAPDA 
31.17" 

[Alr 
1' ,.'. 

' LUP 
I, ; .5., 

I.' 
26 2 

I.P 
' 

LtP 
27.6' 

LICP 
27.6' 

.......... ..... .. . . .--- - 13 14 
Role 

2. &iu I[ re1 

3. Gophter 

4. Vease 1 

5. Rabbl 1 

6. Dog 

7. 'elIca l 

8. 'ant her 

9. (k~p ey 

2 
2.5 

2 
2.5 

2 
2.5 

2 
2.5 

2 
2.5 

2 
2.5 

2 
2.5 

2 

2.5 

2 
2.5 

r,';6525 
!56 525 

689 558 
689 558 

722 558 
722 558 

689 525 
689 525 

656 492 
656 402 

65o 5e-5 
515 525 

528 459 
422 410 

519 505 

415 404 

490 4!)9 
392 1t2 

6j6 
656 

689 
689 

722 
722 

689 
689 

656 
656 

656 
656 

tOO 
583 

722 

577 

590 
545 

59 
59t 

5!8 
55tt 

623 
623 

59o 
59o 

574 
563 

525 
400 

342 

274 

338 

270 

319 
255 

500 
590 

558 
558 

623 
623 

590 
590 

574 
574 

525 
525 

525 

525 

590 

578 

525 
525 

556 
556 

754 
754 

722 
722 

689 
689 

656 
656 

656 
656 

656 

656 

722 

722 

656 
656 

590 
590 

558 
558 

623 
623 

590 
590 

574 
574 

525 
490 

420 

336 

444 

331 

390 
312 

.,0 .2. 

551 492 
5"8 492 

623 55) 
623 5", 

t)90 h2 
590 525 

571 4n.' 
5'4 4, 

52) 402 
525 49' 

525 459 
525 459 

590 .25 

!J90 5 

t)2!) 4') 

52t 
525 

492 
492 

4!2 
484 

41t 
:112 

409 

:;"/ 

3em 
3(O 

jt, 

,,r 

394 
394 

394 
394 

3L4 
394 

3.8 

394 
394 

328 
3218 

3,44 

37/ 

321b 
328 

32 8;'5 
3?8 

128 
329 

295 

295 

394 .'ns 
394 295 

3:o ;,, 
i; . 

;1s 295 332 
104 215 3'12 

3:ti '( 1, . 

l;21 242 26? 

31iI "'19 J28 
:V:;'239 :128 

2 2.2 
2,025:18 :: 2.( 

FIactor of Safety-------------------------------------------.. 



TABLE TI bALIIJVABLB SPAIS Vim iRtEREICE TO SAG-TESI01 CALWUIAtlol1
FOR TURE PHAsE LT LIES FJR?DIFFEREiT PULE UTIOA1

GROUID CLR.RAICE 15 FT. V1ID PREMUR. 8 LE IJ.T 

10. DE2lllpIrox I;S lI1)D !MfL.E LTN- L LArr1ICL 

(.'T) (FT) 

35' 30' VAPDA VAPDA PTAT 
34.66' 31.17' 31.17-

IJ[.E--)t 2 3 4 5 

----------------------------------------------------- ------------- ------

VADA 
36" 

6 

VAPDA 
31.17" 

7 

l'1lr2'1D 

[IrAT L ip
Jl.17, j 5'l 

8 9 

J 

U1ICRETE 

29.t(2) 

to 

(FT 

LCP 
26.2' 

11 

IU-
2o.2" 

12 

iLP 
27.6' 

13 

LCP 
27.6' 

14 

i. Goat 

a. Vertical 

b. Gorizon-

tal 

2 
2.5 

2 
2.5 

426 
426 

525 

525 

295 

295 

426 
426 

426 

426 

525 
525 

328 

328 

459 

459 

328 

328 

459 

459 

459 

459 

525 
525 

328 

328 

459 
459 

328 

328 

459 

459 

295 
295 

426 
426 

295 
29b 

420 
426 

140 

140 

328 
3:12 

140 60 
140 tA4 

A128 262 
3:126 2 

6O 

60 

262 

262 

2. Ant 

a. Vertlc-1 

b. He; Izoo 

ta 

3. Vas 

2 

2.5 

2 

2.!, 

459 

459 

525 

525 

295 

295 

426 

426 

459 

459 

525 

525 

328 

328 

459 

459 

328 

328 

459 

459 

459 

459 

590 

590 

328 

328 

459 

459 

328 

328 

4t9 

459 

29! 

295 

426 

426 

29 

295) 

426 

426 

132 

132 

2% 

295 

I12 

132 

295 

2 

52 

246 

46 

52 

52 

246 

246 

a. Vertlcal 

b. Horizou 

ta l 

2 
2,5 

2 

2 5 

4!9 
49 

558 

Y18 

262 
202 

426 

4,:j 

426 
426 

558 

558 

328 
328 

459 

459 

328 
328 

459 

4t)9 

459 
459 

!26 

426 

328 
328 

590 

590 

328 
328 

459 

45j9 

';-, 
,;' 

42t 

42t6 

2t2 
262 

426 

4 't 

13:2 
132 

262 

2 

121 
13;2 

2t)2 

262 

2 
52 

2:I 

2:iu 

52 
52 

230 

230 

4 C;_haft-r 

a. 

b. 

Verticail 

Ilurizon 
La] 

2 
2 ' 

2 
2.5 

459 

4',9 

590 
59O 

262 
262 

426 
426 

426 
426 

525 
525 

328 

328 

459 
459 

328 

328 

459 
459 

459 
459 

656 
656 

328 

328 

459 
459 

328 

328 

459 
4,t-: 

2.? 

!02! 

426 
426 

2t2 

262 

426 
426 

130 

130 

2o2 
262 

14 

130 

,uo2 
262 

0 
d 

230 
230 

50 

50 

230 
230 

S -------------------------------------------------------

RrXPR~ci. TAD P15:K : 660) 



C TABLE TI-6NEQRIDEDSlAIS VITIh RIiEER ENCB TJUSAG-TEISIUI CALW1UI.AII(JI; A111 lul.EFUR TIIEX PHIASE LT LINFS3 FOR DIFFEREiT I1JLE I0TiuO
GROUID CI.EARAICE : 15 FT. VIEiD PRFQZURF 8 I.3L FT, 

I-TRENGTIi 

W). D ,C RIPT i{N 1 FN ; I iD IOLE 

(FT) 

S'TEEL LA rFICE 

(FT) 
. . . 

(AM 
. . 
.ETL 

. ..... 
W -) 

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

-- -  -

1. Cnat 

- - -

311' 3o' 

PULE-->I 2 

- - - - - - --

VAIOA 
34.66' 

3 

- - - -

WAPDA PTAT VAPDA WAPDA 
31.17' 31.17' 3o' 31.17' 

4 5 6 7 

--- ---------- ----------

I'lA r 
:1117 

8 

.1l' 
?'.I 

I. :pP 
2).5(.!i 

I2 

I1 
26.2' 
2 

U.P 
26 2" 
2b 12 

LCP 
27.6' 
13 

3 

LCP 
2".6' 
14 

1 

a. 

b. 

Vetical 

Horlzon-

ta 

2 
2.5 

2 
2.5 

426 
426 

525 
525 

295 
295 

383 
307 

426 
426 

525 
525 

32d 
328 

427 
341 

328 
328 

459 
459 

459 
459 

525 
525 

328 
328 

459 
418 

J:18o 

328 

4t9 
41, 

2 

2u 

353 
2U"3 

200 

200 

4Th 
4 I3 

;4U 

140 

328 
296 

140 

140 

32d 
328 

0 

60 

262 
262 

60 

60 

262 
262 

2. Ant 

a. Vertical 

b. Horizon-
tal 

3. Wasp 

2 
2.5 

2 
2.5 

459 

459 

525 

525 

295 
295 

399 

319 

459 
459 

525 

525 

328 
328 

444 

335 

328 

328 

459 

459 

459 

459 

590 
590 

328 

328 

459 
435 

3.'i 
3:1 

459 
430 

2W1 

203 

368 
204 

290 

426 
426 

295 

21, 

132 

1:S, 

2("0 
2,.t 

5! 

52 

216 

246 

52 

52 

426 
246 

a. Vertical 

b. Hlorlzou-
tal 

2 
2.5 

2 
2.5 

459 
375 

381 
305 

262 
228 

223 
178 

426 
426 

530 
424 

314 
251 

248 
198 

328 

328 

459 
425 

459 
459 

426 
426 

328 
308 

304 
243 

328 
308 

304 
243 

202 
212 

205 
164 

262 
262 

300 
240 

132 
132 

215 
172 

132 
132 

262 
248 

52 
52 

220 
176 

52 

52 

230 
230 

4. Chafer 

a. Vertical 2 
2.5 

b. Horizon- 2 
tal 2.5 

F-- =-a- t r--- -.. 

347 
277 

282 
226 

211 
169 

165 
132 

426 
387 

392 
314 

232 
186 

183 
147 

328 
328 

393 
315 

459 
459 

493 
394 

285 
228 

225 
180 

285 
228 

22b 
180 

19o 
156 

152 
121 

262 
229 

222 
1"78 

11O 
130 

159 
127 

130 
130 

230 
184 

tp 
50 

102 
130 

5( 
50 

230 
189 

-... -.. .. ... ..... . . ..-----------------------.. ..---I'= Factor of Safe!ty 



- --- -- - -- --- -- -- - -- -- -

----- 
- -

--- --

------------------------------------------------------------------------------

TABLE TI-7ALU&BLB S-PAIS VITIH REFEREC 
TO SAG-THUEJI11 CILCULATIOUI
FOR T REE PUSH C(POSITE LINES FOR DIFFKREIT -LE Of'TIOISGROUID CLEIJUC : 15 FT. VID PrJRR = 8 Lbujq ft.
 

IU. DESCRIPTIIO 
 IFS VIMD ILE STEEL LATITIICE 
(FTI) (FT) ..... H (FT)

iR.'R2;D 
QIIE"t ( T
 

35' 30' VAPDA VAPDA------- - -PTAT-- ---- ---- --- VAPDA
PJLE->1 34.66 -- ---- - - - 2 31.17' - - - VAPDA3 4 31.17' FITAT 5 3b' 31.17' v - - - -..- - - 6 31.17' ..... - - - - - 7 8 2).dl ..... -... - - 9 2.5(2) . 10 26.2' 26.2' . p .11 27.6' 27.6'
12 13 14
 

-
I. C at * Suirel_. - - - - -------- - ------ -
 -


-
 . ... .
 
a. Vertical 
 2 328 148 328 164 
 164 328 
 164 164 
 131 131
2.5 328 148 328 164 
 164 328 
 164 164 
 131 131 b. Borizon-
 2 394 328 426 
 328 328 426 
 328 328
tal 29b 29
2.5 394 328 426 164 164 66
328 328 426 66
328 328 
 295 295 
 164 164 66 
 66
 

2. Ant 4 Gopher 

a. Vertical 2 
 328 131 
 328 164 
 164 328 
 164 164 
 98
2.5 328 131 328 98 - 164 164 
 328 164 
 164 98 
 98  -b. Horizua-
 2 459 328 459 
 328 328 
 459 328 328
tal 2.5 295 295 148 148 66 (6
459 328 459 
 328 328 
 459 328 
 328 295 
 295 148 
 148 66 
 66
 

3. Vauj, & Rabbit 

a. Vertical 
 2 328 131 328 164 164 328 
 164 164 
 96 98
2.5 328 131 328 164 164 
 328 164 164 
 9a 96 
 -b. Horizon 
 2 459 262 459 
 328 328 492
tal 328 328
2.5 262 262
459 262 459 328 328 492 148 148 66 66
328 328 
 262 262 148 
 148 66 66 

4. Chafer # Do
 

a. Vertclbl 
 2 328 131 328 
 159 164 
 328 164 
 164 96
2.5 328 131 328 159 96 - 164 328 
 164 164 96 
 98  -b. Horizon-
 2 459 262 459 
 328 328 
 459 328 328
tal 262 262
2.!) 459 262 459 148 148 66
328 328 66
459 328 328 
 262 262 
 148 148 
 66 66
 
FR,= F.-tor of Safety
 

REXPRO9.TAB 
 iSK : ViO 



TABLE TI-8
RE(XICIIEIDED SPANS WJTH RKFEPUCH TO SAG-TEJSIUI CAILULATIINS AND 

POLE STREiGTH FUR THREE PHASE CIMISITE LINE 
GROUID CLRAJWICE : 15 ft. WIND PR&d'IjRE 8 / It. 

i0. DESCRIPTIOi F; VUID PILE STEEL LATTICE 

(FT) (F-T) 
--- - - - - - -- --------------- ---------------3b' 30' VAPDA VAPDA FTAT VAPDA WAPDA 

34.66' 31.17' 31.17' 36' 31.17' 
POLE--)> 2 3 4 5 6 7 

-- -  - - - - - - - - - -  - - - - - - - - - - - ---------------

- --
['TAT 
31.17' 

8 

WI'WI.2TICIWITE(II) 

- - - - -
1.P I.UP U:P 

29 b'(1) 29.t(2) 26.2' 
9 0 11 

L:P1 
26.2' 

1! 

- - - - - -
LU.P Lc.P 
27.6' 27.6' 

13 14 

1. Gnat f Squirel 

a. Vertical 2 

2.5 

328 

328 

148 

148 

328 

328 

164 

164 

164 

164 

328 

328 

164 

164 

164 

164 

131 

131 

131 

131 

b. Horizon-
tal 

2 
2.5 

394 
334 

244 
195 

426 
426 

271 
217 

328 
328 

426 
426 

328 
266 

3283 

266 
225 
180 

295 

262 
164 
164 

164 
164 

Gb 
66 

b6 
66 

2. Ant # Gopher 

a. Vertical 2 

2.5 

328 

318 

131 

131 

328 

328 

164 

164 

164 

164 

328 

328 

164 

164 

164 

164 

98 

98 

98 

98 -

-

-

b. Horizon-

tal 

2 

2.5 

409 

327 

239 

191 

159 

455 

266 

213 

328 

328 

459 

459 

326 

261 

326 

261 

220 

176 

295 

2t58 

148 

148 

148 

1483 

66 

66 

66 

66 

3. Wasp * Rabbit 

a. Vertical 2 

2.5 

284 

227 

131 

131 

328 

316 

164 

150 

164 

164 

328 

328 

164 

164 

164 

164 

98 

911 
98 

98 
-

-

b. Horizon 
tal 

2 
2.5 

249 
199 

146 
116 

347 
277 

162 
129 

328 
278 

436 
348 

191 
159 

191 
159 

134 
107 

196 
157 

140 
1l; 

148 
148 

66 
66 

66 
C.C 

4. Chafer I Dog 

a. Vertclal 2 

2.5 

207 

165 

124 

993 

288 

230 

137 

109 

164 

164 

328 

288 

164 

134 

164 

1:14 

90 

91 

98 

98 

b. Iluriz7n 2 182 106 253 118 
tal 2.! 145 850 202 94 

- - -y-------------------------
F,' = Factor of Safety 

253 
203 

318 
254 

145 
116 

145 
116 

-----

9B 
7't 

143 
114 

102 
132 

148 
1113 

Ni 
Go 

6b 
(.6 



TA.E 11-9 
CST C.fARISIN CFDIFFEIT PLE CPTIlO FORTF E PWS[ HI LINES FE m 

,,q C44rsI1I"M kLC'a-E VAN LENGTHSAD FACTRTOFSAtEv 2 S 
WIND PRESSU 10 2 lbsl/s5 It 

Sr ESCIPION MWE 
I 

rOLE 
2 

FIE 
3 

P E 
4 S 

OEf1 
6 

HIE 
7 

FILE 
8 

E.E 
3 

;11[ 
10 

KLE 
II 

FILE 
2 

fLE 
13 

FitE 
1I 

SFAN¢LENGTHS 

1 1oi, 
2 Squirrel, GLvver 
3 RattIt 
4 D-4 
S Fintter. FPelican 

ni Yeasel 
b66 
576 
446 
317 
21 -

1s'er,201 

525 
336 
260 
134 
126 
117 

656 
&39 
614 
437 
:'9 
21 

590 
368 
265 
202 
138 
128 

5.3 
S90 
574 
439 
300 
279 

656 
6&9 
656 
544 
372 
3A6 

590 
44 
3.43 
244 
166 
155 

593 
444 
343 
24. 
1£ 
1C. 

S.5 
30 
2-(s 
10 
ItS 
107 

43 
I 
243 
170 
15. 

I's 

179 
122 
113 

-61 

33 

329 
250 
176 
164 

n 
IF 
124 
'1s 

I. 
Is: 
161 

MMtEOROF SIRICTORE5 FEEM, 

2 Squirrel, Gf0er ai UWasel 
3 Ratint 
40C 
5 Pantter, Felican 
6 Lsperv 

50ole00 
5 69 
7 35 
10 35 
15 19 

16 22 

6 25 
9 76 

12 62 
17 83 
26 03 

2 03 

500 
4 i6 
S34 

51 
1101 

I1 84 

S 56 
8 91 

II 51 
1624 
23 17 

25 63 

5 56 
5 6 
S 71 
747 
1093 

11 76 

5 00 
4 76 
5 00 
6 03 
802 

9 46 

5 6 
7 39 
9 56 
1344 
19 76 

21 16 

S -6 
7 3n 
9 S6 
13 4! 
1976 

21 16 

6 S 
10 
1313 
13 1 
'"8S-4 

^0 65 

, 
7 24 
9 37 
13 17 
19n 
-) 76 

3 , 
10 Cr3 
13 07 
ID 43 
,1 33 

-1 0 

, 
6 32 
Io0) 
12 1 
Is E4 
20 C,) 

, 9 , 
II 12 
I 12 
1802 
i6 L 
213.8 

) 3 

0 .u 
,3 ') 
123 
1.302 
13 At 

1".11(CIVS If (iof-Rt IR (Rs) 

I 
2 

Structure 
Haraowre I Fur..oLic-n 

3760 
660 

2268 
6ww 

3717 
1710 

2646 
1790 

2946 
1790 

2646 
6 

1512 
650 

1506 
650 

3tI 
650 

1o'JS 
6s 

653i 
65 

1. 
65 

; 
6r0 

;.i 
65.1 

a 
b 
C 

Structures 
Haro, re &Fcur~jat 
Total 

on 
16M 
3250 
22150 

14175 
4063 

182.8 

ISS6S 
890 
27535 

14712 
99S2 

246 

16380 
99S2 

26312 

13230 
3250 

16480 

8407 
3614 
12021 

8373 
3614 

11'k7 

5263 
403 
9731 

0 
0 
0 

Sq99 
5909 

111" 

0 
0 
0 

5750 
i, ' 

I:'5 

i 

,4 
" 

2 S-urrel. G rer an ,-asel 

a Structures 
b Hardvare I Founaion 
c Total 

2ISC6 
:693 

25207 

22136 
Q44 

294S0 

17633 
5520 
26213 

23576 
S949 

3925 

163M0 
9952 
26332 

12595 
3094 

1.6.9 

11174 
404 
15977 

111 
4604 

1S3,3 

9S 
6£3. 

1 , 

#""t 
4;.o 

1I,? 

643 
6553 

12Xf 

0.3(66, 
5409 

12214 

6,4 
2.:9 

12r, 

CfmXX STRlCI 1 



------------------ ------------------------------------------------------------------------------------------------------------

---------------------------------------------- 
-----------------------------------------------------

TABLE TI-9 
COST CO(PARISON OF DIFFERENT POLE OPIILNS FOR THREE PHASE HI LINi_: FE1I., 

BASED ON MAX IMli ALLOWABLE SPAN LENGTHS AND FACTOR OF SAFEh)Z£
 
WIND PRESSURE = 10 2 lbs/sq ft.
 

Sr 	 DESCRIPTIOI 
 POLE POLE POLE POLE POLE POLE POLE FOLE 
 F LE POLE POLE FOLE POLE FOLENc 	 I 2 3 4 S 6 7 S 9 I(, II 12 I 14
 

3 Rabbi t
 

a Structures 27783 28622 19849 
 30455 6822 1,230 14455 14397 11617 9417 16K 3130 6.4 0b 	Hardware & Foundation 4778 8203 9559 
 20603 0221 3250 6214 6214 97 6091 84K 6500 7223R 0c 	Total 32561 36825 29407 SI053 27043 
 16480 20669 2061 20574 15507 17109 1460 
 16.22 0
 

4 	DcQ
 

a Structures 33123 4043q 27915 42971 22007 
 15955 20321 20241 16363 13236 12145 
 10C3 10352 8
b 	Hardware & Foundation 6728 11590 13443 29070 13371 3920 
 8736 8736 12617 5.I Igc0 8262 11713 -I5Total 
 45351 5202,8 41358 72041 35378 19875 29057 28377 28979 21796 24125 18653 22075 16966 

PPanther, Felican
 

a Structures 57418 59036 4092, 
 62395 32200 23333 29877 29759 24042 1936 177 1 152s 15209 13,S3b 	Hardware h Foundation 9874 16920 19703 4254S 19565 
 5733 12841 12844 18538 12539 17479 
 121116 17193 11713Tta1T 	 67292 75956 60632 I05444 S1764 29071 4272' 42603 42580 31925 35193 27364 324(1 24796 

Structures 	 E.1690 63572 44009 67817 
 34645 25084 31994 31367 2. 191 	 1 1 1432b 	Hardware & Foundation 10608 18220 21194 45878 21050 6162 
 13754 1375A 19923, 13494 1c7, I01 .' 1.: 1617
c 	TMtal 
 7229 1792 65203 13695 .S5695 31246 45748 45621 4576 3 3 q '0. V:,:' 3.54. 26703
 

-




-- 
--- --- 

T&.E [I-lo 
If , 	 .
DIFFERENT 
 LE 	(MS FOR SIKJ F iKi H1LINic fcE(q M MA1u.1i" SEc ALL0i FAN U6TcS 4 FATCE OF SFElr 2 
WIND)F5.UtRE - 102 Itslsq it 

St D.CRIFICI F ilE CLE FftL ittE FilE FI E CE 
NoI 

F 'itS 'FU. fE FiLE FIE Fit E 
3 S 6 7 "12I,, I 1
 

.- LE);H
 -


IM. 66 525 &56 90 S~; sK 
3 	 &,.c r .. 22 U,26-. 62.3 722 61 6:2 S.
 

Rao t i5 566 	og 6 (2 574 6 574 SjIS2 25 6.6 314 S15 6S6 3,* 	
' C 23 25 .s 492 ,
7 	PelIIcani 31 	 4 NA 2.S .,.C3K. JIS 21S3 	Fantrtr 525 6-6325 317 4 212 4S. 72 24

2 S 'i - P33Sl~ 6, 5 .9 1 	 '. :7s ISi "4.C" r, 	 ,507 'Al £217 200 5's 65 O S~ 77 A 

1t#.R IF SIRIKRI FER 1,1 

500K 6 5 W~ Ss2 	Si tre4 56 S56 s500 S76 S Q0 	 5s 6256 's.A 76 S 88 S 	 003 5 S S .5 667 .. 1,
r4 £5e 592S £,A54 5 26 52 116 2d 	 uesel £4S4 S 6 S34 76 6 I' 4 76 	 0) Al 2S PitIt 	 S S6 S 56 ' 76 5 56 5 56'5 00 6 67 5 w 7 42 S71 	 i: S' t iiS5 00 5 716 	 ON S 71 6t769'i 625 5 00 to 62 	 Io. 1 12 iI 	 Pelican 5 00 85£ 625 6.67 S491 I 0 131 7 IS IS 26 6 2S 5 00 12 AC 	 1112t .6 25 7 I$ F n 10 09 10 35 	 10 , 0 ,i 17 125272£ IS 47 7 2 54 12AS 2 S Si 62 . 19 	t. I t3 12 17 .4I' 	 2 10 3t Io '8i7 6.3 16 40 6.2s S 0Io 13 39 6 II5 7 1 t hi' 3. 1 ,.3 1752 

UNIT CISIS OF MIRK(IIN tRs i
 

I Structure 
 35' 26QS 3.17 2 2646 1512 1506 343SHarort I Fcuration 65 565 170S 	 .,. Ss7;,170S 1705 5 	 $3 ' .-. ,-. 
 5S 56$ .,, .,5 5.5 .%5 

CM (11,6 llIC41RII kOF w Ik' 

I 	 Mole
 

a lIrucIurei 
 1') 141;5 I.&S 14712 I .,l IZ402.0 .£7 K37Ar, 	 0-,b are S F,,.aIwn5 SISs 	 ;.' 57S.)"141 
 SK2 9sS0 5al 
 "', 3141 '51 '. 5326.5;s 17706 ,7110 41192 251(6 1"S IIS0 iISIS :. 11 ",
 

CM f wlKiSI.O1 




TAM.E TI-10 
CtRT cU ARIfiN Of DIFF&INT PFLE OPTIONS FOR 

WASEDcI AIMII. kLL I SPA LENGhTS4TS 
YIW4F1SkKS = 10 2 lbs/sq 

SIN(LE PW,,- HI LlES FER VM 
FACTOR (f SAFEIY 2 S 

it 

r EM.CRPTI PE 
I 

FRE 
2 3 

Ff1_ OEFf1 
SS 

jYLE 
6 

KFtE 
7 

F'1E FCE 
. 

FECLE 
10 

FCtE 
11 12 

.K.tE 
1, 

FttE 
1I 

2 z£uirrel 

a Structures 
b Hardware &Fcu~w at ion 
c T'tal 

3 6Gvtr 

17993 
2689 

2068-2 

1333 
3322 

IW58 

17693 
8116 

25,09 

15.3 
10025 
2Sq4 

1732 
10025 
27348 

11510 
245 

13963 

m331 
3322KM 

12213 

I 
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TABLE TI-13
COST COtPARISON OF DIFFERENT POLE OPTIONS FOR THREE PHASE LT LINES PER ,

BASED ON KAXIMUM ALLOWABLE SPAN LENGTHS AIND FACTOR OF SAFETY 25 
UIND PRESSURE =8 lb/sq ft 

HORIZONTAL FOPM9.ATIO 

Sr 

No 
OESCiI:rI-'. POLE POLE 

2 
POLE 

3 
POLE 

4 
POLE 

5 
POLE 

6 
POLE 

7 
FOLE 

8 
POLE 

9 
POLE 

10 
POLE 

II 
POLE 

12 
FOLE 

13 
POLE 

14 

3 wasp 

a 
b 
c 

Structures 
Hardare & Foundation 
T.taI14279 

40635 
3644 

41799 
6248 
48047 

2S770 
11401 
40171 

43844 
22833 
66678 

22743 
10638 
33381 

20374 
2610 
22985 

20412 
4577 

24989 

20331 
4577 

24930 

16860 
6760 
23640 

1373 
4634 
18372 

12S67 
6465 
19032 

10122 
4ASS 

15307 

10718 
6319 
17037 

10153 
4,4 

ISIS7 

* (nafE! 

a 
t. 

."rumtures 
r.=.rovarE &Foundation 

54848 
4919 

59767 

56360 
8424 
64784 

38843 
15393 
54236 

59032 
30743 
89775 

30668 
14345 
45013 

22015 
2820 
24835 

27549 
6177 

33725 

27433 
6177 
33616 

22354 
9190 
3244 

1,S22 
6246 
24770 

17022 
8756 
25778 

14585 
6044 
20629 

14507 
853 
23060 

125% 
582 
18*78 

.............................................................--------------------------------------------------------------------------------------------------
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------------------------------------------------------------------------------------------------------------------------------
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TABLE TI-14
 
(0T (OIFARISON OF DIFFERENT POLE OPTIONS FO- THREE FflAc.E LT LIJtES PER I.P. 

,ASED ON MAX INUM ALLOYABLE SPAN LENGTHS AND FACTOR OF SAFE] 2 5 
WIND PRESSUE = 8 lbs/sq f t 

VERTICAL FORMATION
 

Sr DESCRIPTIO; POLE POLE POLE POLE POLE POLE POLE POLE FCkLE POLE POLE POLE FOLE FOLE 
... 1.2 3 4 5 6 7 S 9 10 11 12 13 14 

a Structures 33075 3267 28621 34583 29460 18919 16103 1603q 13041 1253 16376 20'327 36271 45796
b Hardware &Foundation 1733 2849 10249 16168 12370 1416 2109 2103 3063 2479 4920 4320 12490 12490

TotaI 34qO3 354S1 3-370 50751 41830 20335 2 2S24316212 11K3 1614 .15 21296 4761 532....'86 

tructur&.=;-, 44755 d4OX 31520 46649 29460 18919 21758 21671 17723 14332 16627 ,772u, 47-26'0(23
b Har.mare & Foundat ion 2344 334S 112S7 21808 12370 1416 2849 2849 41C4 
 235 4336 436 12939 12K9
 

Tota1 47100 478S 42807 68457 41830 20335 24607 24521 21332 17,:7 21622 25634 $0709 60614
 

.............................................................--------------------------------------------------------------------------------------------
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TABLE TI-15
 
(OS (IiPFISOU OF DIFFERENT POLE OPTIONS FOR SINGLE PHASE LT LINES PER il 

FASED ON MAXIMUM ALLOQPR E SPAN LENGTHS AND FACTOR OF SAFETY 2 5 
WIND PRESSURE 8 lbs/sq ft 

HORIZONTAL FORrTICV 

Sr DESCRIFTICI POLE POLE POLE FOLE POLE POLE POLE POLE POLE POLE POLE FOLE POLE POLE
No 1 2 3 4 5 6 7 S 9 10 11 17 13 14 

- ---~ -- - - - - - - -- 

a Structure- 242E.8 24880 21S56 260 .3 21 U 20374 121SC 1210, I0015 SISI K51 10241 S2 M 10353
b Hardware & Foundation 1830 3126 7783 13041 9467 2195 2291 2291 3336 2320 3563 3563 4064 40E4 c Total 26097 29O006 29641 39105 30531 22569 14448 14401) 13401 10S01 1819 13 10 12264 1"17 

a Structures 31639 3278 22376 34028 17705 13230 15891 1iso7s 13109 1Ck63 9760 t0 41 S9343 10353b Hardre & Foundation 2335 4031 7970 17027 7957 1425 2995 2995 4432 3024 4273 356. 4135 4064 
c Tot al 34024 36559 30347 51054 2,5663 14655 188,96 16373 17540 136,7 14(". L.jO 12479 14417 

---..-....-.-.--.-.-.-........--.-.---.--.-.---...--------.......---------
 -.- ----.-------- ------------.- --- -.------.-.-------------.--.-.-.---------
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ANNEX T2 

DESIGN STUDIES OF CONDUCTOR SIZES 

SCOPE
 

As many aq 24 case studies were carried out to find out as to what
would be 
the most economical option of conductor applIcation on a
 
given three phase 11 
kV line. A typical feeder Fl, emanating from

grid station GS8, Tehsil and District Okara, with three T-offs,
 
was selected for this purpose. Voltage 
 regulation was also
 
considered where excessive voltage drop so demanded.
 

2 CONFIGURATIONS
 

The different alternative arrangements of conductor applicatiorn
and voltage regulation, which were studied, are summarised below: 

CA-SE MAIN LINE BRANCH LI NE VOLTAGE 
CONDUCTOR CONDUCTOR REGU LATOF: 
(SECTIONS) (SECTIONS) 

2. 	 0 (6) 
 M (3) 	 NO
 
2. 	 G (6) 
 M (3) 	 YES
 
3. R (6) M (3) NO 
4 R (6) M (3) 	 YES
 
5. 	 D (6) M (3) YES 
6. 	 D (6) M (3) NO
 
V. 	 ) (1), R(5) 
 M (3) 	 NO
 
8. 	 D (2), R(4) M (3) NO9. 	 D (3), R(3) 1M(3) 
 NO

10. 	 D (4) R(2) M (3) No 
Ii. 	 D (4), R(2) 
 M (i), G(2) NO
 
12. 	 1)(3), R(3) 
 M (I), G(2) No
 
13. 	 D (2), R(2), G(2) M (1), (,2) NO
 
14. 	 1)(2), R(3), G(1) G (3) 
 NO
 
15. 	 I) (2), R(3 , G( ) M (1), (3(2) NO 
16. 	 ) (2), R(3), G(I) M (I), ((2) YES 
17. 	 1) (2), R(3), G(l) 	 M (3) YES-POSITION 1
 
18. 	 I) (2), R(3) ,() M (3) YFS-POSITION 2 
19. 	 I)(2) 0(4) M (1 ((2) YES 
20. 	 ) (2), G4) M (3) YES 
21. 	 D (2), R(3, (1 1M(1). (;(2) YES 
22. 	 D (2), 
R(3), G(i, 	 1 (3), YES-i'OSITION 3
 
23. 	 1) (3), R(1), G(M1) 14 (I , (2) 11) 

M (1) 
24. 	 D (3), R(I), G(1), M (1), G(), Nt)
 

M (1) S (1)
 

D = ACSR DOG
 
R ACSR RABBIT
 
0 = ACSR GOPHER
 
S = ACSR SQUIRREL 
X = ACSR MOLE
 

REMPRT9.ANX (F/517)
 

Li 



3 

The number of sections (node to node), over which a particular
 

conductor has been used, is given within brackets.
 

CONCLUSIONS
 

A summary of economic comparison of different conductor sizes
 
alongwith line length of conductors, voltage regulation, energy

losses, capital cost and net present worth of costs (capital, O&M
 
and losses) is given in the attached table T2-0. The main
 
conclusions from this study are as follows:
 

The alternative showing the 
least cost capital investment
 
(Case 1) is the most expensive solution in terms of net
 
present worth of all costs.
 

The least cost solution (Case 24) is based on application of
 
the best conductor (Dog) for about 45% of the line length, and
 
of the smallest conductors (Mole and Squirrel) for about 28%
 
of the line (primarily the T-offs).
 

Between two alternatives, one with and another without voltage
 
regulation, the net present worth of costs is reduced in the
 
case of voltage regulation. However, replacement of
 
conductors, generally, is more cost effective than 
 the
 
installatlon of voltage regulation.
 

Application of the best conductor (Dog) on first 1/3rd of 
 the
 
main line and of the cheapest conductors (Mole, Squirrel,
 
Gopher) on the last 1/3rd of the main line and all the
 
branches (Case 13) provides a solution which is close to 
 the
 
least cost solution.
 

The conductor selection study presented above was based on the
 

following assumptions:
 

15% DF
 

Salvage value was ignored
 

.	 Demand in year 10 was assumed to be constant throughout the
 
life of the project (30 years)
 

* 	5% O&M was assumed for all conductor types
 

* 	Net present worth of capital over the life of the project 
 was
 
calculated using a factor of 1.33
 

Net present worth of cost of losses was calculated by dividing
 
the cost by the discount factor
 

This simplified approach may not yield the correct answers where
 
the differences in total net present worth of costs of different
 
conductor sizes is close to each other.
 



------------------------- ------------

-----------------------------------------

To understand the impact of the above assumptions, the following
 
changes in methodology were made.
 

Salvage value was assumed to be 50% of the capital investment
 

Demand forecast for year 1, 5, 10, 
15, 20, 25 and 30 were
 
prepared and voltage drop studies including loss calculations
 
was made
 

Two types of conductors were studied
 

- Conductors based on 10th year demand augmented by voltage

regulators upto year 30 and conductor replacement if any
 

- Conductors based on 20th year demand augmented by voltage

regulators upto year 30
 

O&M cost was ignored
 

Losses for the intermediate years were extrapolated
 

Net prcsent worth of costs was calculated for each year of the
 
project life
 

Both 11 kV and 33 kV cases were studied
 

Both 30 and 15 year life of project was analysed
 

Detailed analysis is given in tables T2-25 to T2-32. Voltage drop

studies for conductors based on 10th year demand and 20th year

demand are given in tables T2-25A to T2-25G and T2-26A to T2-26G.
 
Results of this analysis are summarised below:
 

NET PRESENT WORTH OF COST
 
CONDUCTORS DESIGN DIFFERENCE
 
BASED ON 
 OF NET
 

PRESENT
 
10th year 20th year WORTH Rs.
 
demand Rs. demand Rs.
 

11 kV LINES
 

. 30 year life 1192,839 1303,642 +110,803 

15 year life 1056,435 1279,784 +223,349 

33 kV LINES 

, 30 year life 948,933 1322,641 +373,708
 

. 15 year life 984,847 1392,361 +407,514
 



It may be noticed from the above summary that, in all the 
 cases,

the conductor based on 
10th year demand is more economical over

the life 
 of the project. Larger conductor sizes are not
economical even if 
a 30 year life is considered. The choice of
larger conductors becomes even 
 less attractive if 33 kV

distribution is considered,
 

The detailed analysis also indicates that there are no changes in
the conductor selection using a simplified methodology as against
 
a more rigorous 
analysis Including consideration of salvage
value, elimination 
of O&M costs etc. Changes in the basic
 
parameters can, however, result in other 
choices than those
 
presented here.
 

The limited analysis presented here indicates that selection 
 of
conductors on 
 the basis of demand in year 20 should result in

higher capital investments as well as net present worth of costs
 over 
 the life of the project. Considerable savings are possible

through the adoption of 10th year demand as the basic for design.

Choice of conductors is dependent upon a number of 
 factors and
detailed 
studies are recommended in all distribution expansion
 
projects.
 



------------------------------------------------------------------------------
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TABLE T2-0
 

SU1IIMRY OF ECONOMIC COMF RISON OF DIFFERENi CONDUCTOR SIZES
 
TAKING INTO ACCOUNT VOLTAGE REGULATION AND CAPACITOR APPLICATION (FF = 09S
 
FEEDER LENGTH: Main = 100S km. T-oflrt 
 4.01 m.Total = 14.06 ky
 

CASE CONDUCTOR LINE LENGTH (kd) VOLTAGE LOSSES CAPITAL .. ET Ft-ESENT
No. -- ------------------------------------- REGULA- MQH COST 'JORTH F

0 R G $ 
 M Total TOR Ps 
 OF ALL COSTS
 
kVA Rs.(O0)D


1-

2.-

- 10 0S - 4.01 14.06 0 153 469,839 2657 - 10.05 - 4.01 14.06 14 136 539,3*4 252P3 - 10.05 - - 4.01 1406 0 74 646,554 1941
 
4 - 10.05 - - 401 14.06 140 60 716,554 1352
5. 10 05 - 4.01 14 06 140 36 1,736;032 1950

6 10 05 - 4.01 14.06 0 40 1,036,032 1904

7 3 00 7 q() - 4 01 1d 0- 0 53 762,334 1735
 

537, 4 6 - - 4.01 14.06 0 47 834,695 17569 624 3 1t - 4.01 14.06 0 43 333,416 1754
10 1 49 2. - - 401 14.06 ,0 936,366 17 3
II 7 49 2.36 2.76  1.25 14.06 0 36 38,980 1768
 
12 6 24 3 81 2.76  [.25 14.06 0 39 920,520 1733

13 537 212 5 32 - 1.25 14.06 0 46 341,794 1727
14 537 3 0 5.3 -  14.06 0 J2 877,088 1727
15 5. 7 3 10 4,14 - 1.25 14.06 0 43 362,543 172016 537 3 30 4 14 - 1.25 14.06 145 37 959,963 173d
17 537 330 1.38 -- 4.01 14.06 145 40 902,929 17331a 5.37 230 1.33  4.01 14.06 97 45 878,929 1765

19 5 37 7.44 
 1 25 14.06 145 43 377,015 1309
 
j. 5.37 4.63- 4.01 14.06 145 ''44,901 1824 

21. 5 "17 4.14 1.25 14.06 140 .3 932,543 175422 5 "7 0 133 401 14 06 140 42 900,429 1753 
23. 6.24 1 25 3.94 - 2.63 14.06 0 42 859,453 1704 
24. 6.24 125 2.56 1.33 2.63 14.06 0 42 355,634 1699
 

o = DOG 
R = RABBIT 
6 = GOPHER 
S SQUIRREL 
M = MOLE 

FLOPPY NO. 466 FILE NAME :REMPRS.WKI ISTS
 



ANNEX - T2 
DES[GN STUDIES OF CONDUCTOR SIZES 

LIST OF TABLES 

Table F2-.l Voltage 
drop studies based on 10th year demand. District
 
Okara, tehsil Okara grid station GS-8, 11 kV main feeder
 
Fl, T-off 1,2,3, Case 1 : Without regulator.

Xain line : Gopher on all sections. BrancI-h line : (ole oD
 
three sections
 

2 Voltage drop studies basid on 
10th year demand. District
 
Okara, tehsil Okara grid station GS-8 11 kV 
main feeder 
Fi, T-off 1,2,3, Case 2 : With regulator.
Main line : Gopher on all sections. Branch line : Mole on 
three sections 

3 Voltage drop studies based on 1Oth year demand, district
 
Okara, Tebsil Okara, 
Grid station GS-8, 11 kV main feeder
 
F1, T-off 1,2,3, Case 3 : Without regulator.

Main line : Rabbit on all sections. Branch line 
: Mole on
 
three sections
 

4 Voltage drop studies based on 
10th year demand, district
 
Okara, Tehsil Okara, Grid station GS-8, 11 kV main feeder
 
F1, 
T-ofl 1,2,3, Case 4 : With regulator.

Main line : Rabbit on all sections. Branch line : Mole 
on
 
three sections
 

5 Voltage drop studies based on 
10th year demand, district

Okara, Tebsil Okara, Grid station GS-8, 11 kV main feeder
 
Fl, T-off 1,2,3, Case 5 : With regulator.

Main line 
 : Dog on all sections. Branch line 
 Mole on
 
three sections
 

6 Voltage drop studies based on 10th year demand, district
 
Okara, Tehsil Okara, Grid station GS-8, 11 kV main feeder
 
El, 
T-off 1,2,3, Case 6 : Without regulator.

Main line : 
Dog on all sections. Branch line 
 Mole on
 
three sections
 

7 Voltage drop studies based on 10th year demand, district
 
Okara, Tebsil Okara, Grid station GS-8, 11 kV main feeder
 
Fl, T-off 1,2,3, Case 7 : Without regulator.

Main line : Dog on one section and Rablt on 
 five
 
section. Branch line : Mole on 
three sections
 

8 
 Voltage drop studies based on 10th year demand, 
district
 
Okara, Tehsil Okara, Grid station GS-8, 11 kV main feeder
 
F1, 
T-off 1,2,3, Case 8 : Without regulator.

Main line : Dog on two sections and Rabbit on 
 four
 
sections. Branch line 
: Mole on three sections
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LIST-i OF "TABLE-S --

Table T2-9 Voltage drop studies based on IOUh year demanid, district 
Okara, Tesil 
Okara, Grid station GS 8, L1 kV main feeder
 
Fl, T-off 1,2,3, Case 9 : Without regulator.

Kain line : Dog on three section and Rabbit three
on

section. Branch line 
: Kole on three sections 

10 Voltage drop studies based on 
10th year demand, district 
Okara, Tebsil Okara, Grid station G.3-8, 11 kV main feeder[I, T-off 1,2,3, Case 10 : Without, reg.ulator.
Nain line :Dog on four sections and Rabbit on two
sections. Branch line : Kole on thre,e seclion.; 

11 Voltage drop studies based on 10th year demand, district 
Okara, Tehsil Okara, Grid station GS-8, 11 kV main feeder
Fl, T-off 1,2,3, Case 11 : Without regulator.
Xain line : on
Dog four sections and Rabbit on two
sections. Branch line 
: Note on one section and Gopher on
 
two sections 

12 Voltage drop studies based on 10th year de-mand, district
Okara, Tehsil Okara, Grid station GS-8, 11 kV main feeder 
Fl, T-off 1,2,3, Case 12 
 : Without regulator.
Main line : Dog on three ,ection and Rabbit on three
t;ectlons. Branch line : Mole on sect.ionone and Gopher on 
two Gectlons. 

13 Voltage studiesdrop based on 10th year demand, district. 
Okara, Tehsil Okara, Grid station GS-8, 11 kV main feeder

F1, T-off 1,2,3, Case 13 
: Without regulator. Main lineDog on two section, Rabbit on 

: 
two sections and Gopher on
two sections. Bianch 
 line : oneMole on section and
 

Gopher on two sections
 

14 Voltage drop studies based on 
10th year demand, district
 
Okara, Thsl] Okara, Grid station (S-8, ii kV main 
 feeder

F1, T-off 1,2,3, Case 14 : Without regulator.
Main line : Dog on two sections, Rabbit on three sections

and Gopher on one section. Branch line : Gopher on three 
sections 

15 Voltage 
drop studies based on 10th year demand, district
 
Okara, Tebsil Okara, Grid station GS-8, 11 kV main feeder

Fl, T-off 1,2,3, Case 15 : 
Without regulator.

Maine 
line Dog on two sections, Rabbit 
on three

sections and Gopher on one section. Branch line 
: Mole on
 
one section and Gopher on two sections
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Table T2-16 : 

17: 


18 


19 : 


20 


21 : 


22 : 
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DESIGH 8TUDIES OF COUDUCTOR SIZES
 

LIST OF TABLES
 

Voltage drop studies based on 
1Oth year demand, distric
 
Okara, Tehsil Okara, Grid station GS-8, 11 kV main feedE
 
F, T-off 1,2,3, Case 16 : With regulator.
 
Main line : Dog on two sections, Rabbit on thrE
 
sections and Gopher on one section. Branch line : Xole 

one section and Gopher on two sections.
 

Voltage drop studies based on 
10th year demand, distric
 
Okara, Tehsil Okara, Grid station GS-8, 11 kV main feede
 
Fl, T-off 1,2,3, Case 17 : With regulator on position 1
 
Main lIne : Dog on two sections, Rabbit on thre 
sections and Gopher on one section. Branch line Xo 
on three sections 

Voltage drop studies based on 
10th year demand, distric
 
Okara, Telisil Okara, Grid staLion GS-8, 11 kV main feede
 
F1, T-off 1,2,3, Case 18 : Vith regulator on position 2
 
Raln line : Dog on two sections, Rabbit on three section
 
and Gopher on one section. Branch line : Mole on thre 
BectiOUL
 

Voltage drop studies based on 10th year demand, distric
 
Okara, Tehsll Okara, Grid station GS-8, 11 kV main feede
 
Fl, T-off 1,2,3, Case 19 : With regulator.
Main line : Dog on two sections and Gopher on fou
 
sections. Branch line 
: Mole on one section and Gopher oi
 
two sections
 

Voltage drop studies based on 
10th year demand, distric
 
Okara, Tehsil Okara, Grid station GS-8, 11 kV main feedei
 
Fl, T-off 1,2,3, Case 20 : With regulator.

Main line : Dog on two sections and Gopher on fou
 
sections. Branch line 
: Mole on three sections
 

Voltage drop studies based on 10th year demand, distric
 
Okara, Tehsil Okara, Grid station GS-8, 11 kV main feede
 
F1, T-off 1,2,3, Case 21 : With regulator.

Main line : Dog on two section, Rabbit on three sectioni
 
and Gopher on one section. Branch line : Mole on on4
 
section and Gopher on two sections
 

Voltage drop studies based on 
10th year demand, distric
 
Okara, Tebsil Okara, Grid station GS-8, 11 kV main feede
 
Fl, T-off 1,2,3, Case 22 : With regulator on position 3
 
Main line : Dog on two sections, Rabbit on three sectioni
 
and Gopher on one section. Branch line : Mole threi
on 

sections
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DESIGN STUDIES OF CONDUCTOR SIZES
 

LIST OF TABLES
 

Table 	T2-23 Voltage drop studies based on 
10th year demand, District
 
Okara, Tehsii Okara, Grid Station GS-8, Ii kV main feeder
 
Fl, T-off 1,2,3, Case 23 : Without Regulator.

Main line : Dog on three sections, Rabbit on one
 
section, 
Gopher on one section and Mole on one section.
 
Branch Une Mole on one section and Gopher on two
 
sections.
 

24 	 Voltage drop studies based on 10th year demand, District
 
Okara, Tehsil Okara, Grid Station GS-8, 11 kV main feeder
 
Fl, T-off 1,2,3, Case 24 ; Without Regulator.
 
Main line : Dog on three sections, Rabbit on one
 
section, 
 Gopher on one section and Mole on one section.
 
Branch line : Mole on one section, Gopher on one sections
 
and Squirrel on one section.
 

25 	 Evaluation of net present worth of cost of 11 kV
 
distribution lines of feeder F1, Grid Station 
GS-8,

District Okara. Design of conductor based on 10th year

demand. Project life = 30 years.
 

25A 	 Voltage drop studies based on Ist year demand, District
 
Okara, Tehsil Okara, Grid Station GS-8, 11 kV main feeder
 
Fl, T-off 1,2,3, Case A : Without Regulator.

Main line : Dog on three sections, Rabbit on one
 
section, 
 Gopher on one section and Mole on one section.
 
Branch line : Mole on one section, Gopher on one sections
 
and Squirrel on one section. (excluding 0 & M)
 

25B 	 Voltage drop studies based on 5th year demand, District
 
Okara, Tehsil Okara, Grid Station GS-8, 11 kV main feeder
 
Fl, T-off 1,2,3, Case B : Without Regulator.

Main line : Dog on three sections, Rabbit on one
 
section, Gopher on one section and Mole on one 
 section.
 
Branch line : Mole on one section, Gopher on one sections
 
and Squirrel on one section. (excluding 0 & M)
 

25C 	 Voltage drop studies based on 10th year demand, 
District
 
Okara, Tehsil Okara, Grid Station GS-8, 1i kV main feeder
 
Fl, T-off 1,2,3, Case C : Without Regulator.

Main line : Dog on three sections, Rabbit on one
 
section, Gopher on one section and Mole on section.
one 

Branch line : Mole on one section, Gopher on one sections
 
and Squirrel on one section. (excluding 0 & M)
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LIST OF TABLES
 

Table T2-25D 	 Voltage drop studies based on 15th year demand, District
 
Okara, Tehsil Okara, Grid Station GS-8, i1 kV main feeder
 
Fl, T-off i,2,3, Case D : Without Regulator.
 
Main line : Dog on three sections, Rabbit un one
 
section, Gopher on one section and Mole on one section.
 
Branch line : Mole on one section, Gopher on one sections
 
and Squirrel on one section. (excluding 0 & 9)
 

25E 	 Voltage drop studies based on 20th year demand, District
 
Okara, Tehsil Okara, Grid Station GS-8, 11 kV main feeder
 
FI, T-off 1,2,3, Case E : With Regulator.
 
Main line : Dog on three sections, Rabbit on one
 
section, Gopher on one section and Mole on one section.
 
Branch line : Mole on one section, Gopher on one sections
 
and Squirrel on one section. (excluding 0 & M)
 

25F 	 Voltage drop studies based on 25th year demand, District
 
Okara, Tehsil Okara, Grid Station GS-8, i kV main feeder
 
Fl, T-off 1,2,3, Case F : With Regulator.
 
Main line : Dog on three sections, Rabbit on one
 
section, Gopher on one section and Mole on one section.
 
Branch line : Mole on one section, Gopher on one sections
 
and Squirrel on one section. (excluding 0 & M)
 

25G 	 Voltage drop studies based on 30th year demand, District
 
Okara, Tehsil Okara, Grid Station GS-8, 11 kV main feeder
 
Fl, T-off 1,2,3, Case G : With Regulator.
 
Main line : Dog on three sections, Rabbit on one
 
section, Gopher on one section and Mole on one section.
 
Branch line : Mole on one section, Gopher on one sections
 
and Squirrel on one section. (excluding 0 & M)
 

26 	 Evaluation of net present worth of cost of 11 kV
 
distribution lines of feeder FI, Grid Station GS-8,

District Okara. Design of conductor based on 20th year

demand. Project life = 30 years.
 

26A 	 Voltage drop studies based on ist year demand, District
 
Okara, Tehsil Okara, Grid Station GS-8, 11 kV main feeder
 
FI, T-off 1,2,3, Case H : Without Regulator.
 
Main line : Panther on three sections, Dog on one
 
section, Rabbit on one section and Gopher on one section.
 
Branch line : Gopher on two section, and Rabbit on one
 
section.(excluding 0 & X)
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LIST OF TABLES
 

Table 	T2-26B Voltage drop studies based on 5th year demand, District
 
Okara, Tehsil Okara, Grid Station GS-8, i1 kV main feeder
 
Fl, T-off 1,2,3, Case I : Without Regulator.
 
Main line : Panther on three sections, Dog on one
 
section, Rabbit on one section and Gopher on one section.
 
Branch line : Gopher on two section, and Rabbit on one
 
section,(excluding 0 & M)
 

26C 	 Voltage drop studies based on 10th year demand, District
 
Okara, TehsiI Okara, Grid Station GS-8, 11 kV main feeder
 
Fl, T-off 1,2,3, Case 0 : Without Regulator,

Main line : Panther on three sections, Dog on one
 
section, Rabbit on one section and Gopher on one section.
 
Branch line : Gopher on two section, and Rabbit on one
 
section,(including 0 & M)
 

26CI: 	Voltage drop studies based on 
10th year demand, District
 
Okara, Tehsl] Okare, Grid Station GS-8, 11 kV main feeder
 
FI, T-off 1,2,3, Case J : Without Regulator.
 
Main line : Panther on three sections, Dog on one
 
section, Rabbit on one section and Gopher on one section.
 
Branch line : Gopher on two section, and Rabbit on one
 
section.(excluding 0 & M)
 

26D 	 Voltage drop studies based on 15th year demand, District
 
Okara, Tehsil Okara, Grid Station GS-8, 11 V, main feeder
 
Fl, T-off 1,2,3, Case K : Without Regulato:.
 
Main line : Panther on three sections, Dog on one
 
section, Rabbit on one section and Gopher on one section.
 
Branch line : Gopher on two section, and Rabbit on one
 
section.(excludlng 0 & 9)
 

26E 	 Voltage drop studies based on 20th year demand, District
 
Okara, Tebsil Okara, Grid Station GS-8, 11 kV main feeder
 
Fl, T-off 1,2,3, Case L : Without Regulator.
 
Maln line : Panther on three sections, Dog on one
 
section, Rabbit on one section and Gopher on one section.
 
Branch line : Gopher on two section, and Rabbit on one
 
section.(excludlng 0 & M)
 

26F 	 Voltage drop studies based on 25th year demand, District
 
Okara, Tehsil Okara, Grid Station GS-8, 11 kV main feeder
 
Fl, T-off 1,2,3, Case X : Without Regulator.

Main line : Panther on three sections, Dog on one
 
section, Rabbit on one section and Gopher on one section.
 
Branch line : Gopher on two section, and Rabbit on one
 
section.(excluding 0 & M)
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DESIGN STUDIES OF CONDUCTOR SIZES
 

LIST OF TABLES
 

Table 	T2-26G Voltage drop studies based on 30th year demand, District
 
Okara, Tehsil Okara, Grid Station GS-8, 11 kV main feeder
 
FI, T-u)ff 1,2,3, Case N : Without Regulator.
 
Main line : Panther on three sections, Dog on one
 
section, Rabbit on one section and Gopher on one section.
 
Branch line : Gopher on two section, and Rabbit on one
 
section.(excluding 0 & M)
 

27 	 Evaluation of net present worth of cost of 11 kV
 
distribution lines of feeder F1, Grid Station GS-8,
 
District Okara. Design of conductor based on 10th year
 
demand. Project life = 15 years.
 

28 	 Evaluation of net present worth of cost of 11 kV
 
distribution lines of feeder F1, Grid Station GS-8,
 
District Okara. Design of conductor based on 20th year
 
demand. Project life = 15 years.
 

29 	 Evaluation of net present worth of cost of 33 kV
 
distribution lines of feeder Fl, Grid Station GS-8,
 
District Okara. Design of conductor based on 10th year
 
demand. Project life = 30 years.
 

30 	 Evaluation of net present worth of cost of 33 kV
 
distribution lines of feeder Fl, Grid Station GS-8,
 
District Okara. Design of conductor based on 20th year
 
demand. Project life = 30 years.
 

31 	 Evaluation of net present worth of cost of 33 kV
 
distribution lines of feeder F1, Grid Station GS-8,

District Okara. Design of conductor based on 10th year

demand. Project life = 15 years.
 

32 	 Evaluation of net present worth of cost of 33 kV
 
distribution lines of feeder Fl, Grid Station GS-8,
 
District Okara. Design of conductor based on 20th year
 
demand. Project life = 15 years.
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RPI DRC . OC4OP V gA' S1 CST 	 ,
GIIR AVR V'R 	 -..

0.'. R 

MAIN 

0 
0 - TI 3 SO 1315 	 ii 0ci X0 IS 11 I S 0 
 ) 84TI - II 237 164 IH5 0 3 	

7: 7I I1r 1.14 2 26. 
 :O7: 
 10 72 
 71717,K- U 16I3I2 	 " ;
11 - 1060 87 L26 1101 0 0.36 3 S 10.66 10.6 62313z"&4
0 42 3 42 E3C06- 12 12Is 341 $75 D 3 42 Q 1to2 06 	 SI, 1., W412 - 12 1.1S 303 S2, 0 0.24 3.66 	 _So I~ 11624' I(-;7: 1 -74.3 l61 1; 
 :6S3
13 - 2.4 13 	 1 17 175." 1221 231 0 0 12 3 78 3 78 	 i- , i .$7S
10 6 t06 
 132 0 0, 
 L - 177 

TO

164 16A m 0.59 323 3 23 107211 - 226 .2s 	 26 264 10.66 
 1066 	 9 S76 172 11&A 31.S.7.41; 2 437 

TO-2
 
3 A2 3.42
12 - 207 1.38 341 U.I ii .	 10 64
478 472 
 10S 10.5 
 19.7i S 42 
 S* 5.E4C 3,627 £E7 ;up' 

10-3
 

366
13 - 23 1.. 303 303 5 366 	 10611.21 4 87 4 87 
 IG.48 
 17.57 410 	 S3RIA 7(k' 7.67120.:.627 4-7 92787
 

TOTAL 
14 39421 7 525&K; 1036(r9137I0i 1-Wai 

CONIDXTR A(ES& FESISTAb(E 11kV YO1 lkV LINE LOSS FPCTCT am z 576 AV z After Voltage RE--latlinFER km FER ki COSTPER BR = Seore Voltag Regulation
km (Rs.) VOLTAG RE6_ATOR COST PER kVA Rs 5.X,PANlTUI P 	 NI = Present Worth of Cost of

PV = Present Worth ofCost ofLosses 
0.163 0 00022 1330 	 Voltage Regulator
 

os 0 
 0.336 000038 93079 COST OF LOSSES PER kH z
RABBIT R 0.659 Rs 200 	 P3 a Present Vorth ofLire C.st0 00065 SL319 PWC = Present Wrtr, of Totil Cost iPVlft2:4VI)
GD4. G 1.330 0.00121 3673S
WASEL 1.100 0.00102 091
 
SQUIL 
 S 1.616 0.00145 34000 

mu 3.211 0.00290 2509 
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WLTAGE COCSRIDfIEt A$D CtRI0TA YEARDDIWI3. DISICT JA TDiIL ".A I0 STATION GS-
II kV MAIN FEED,-I FI 7-OiF 1,2,3
('- 10: I T FUT.ATTM MIN LINE : DN FRtICTlM 40 MIT ONT SCTIIS WA" LINE : OL ONTRE SECTIONS. PF = 0.95 

sZCBC(V DI'T:E ,TIT% TAL (TCT,'R 
K Li,. kU.V LLIAD TYFE 

SFCTICN 
.TA. 

TOTAI. TOTAL VCLTAE VOLTAG-
VftTAGE V(LTk ATNCDOERU.ILATIIN 

VOLTAE 
AT ME 

YOLTAM WITA(E 
REILA'R RRLATR 

PyJI 
ps . 

aI.$ 
ws 

LOSSES 
kV 

LEWEES 
Iu4 

LOSSES 
kI-T 

FV2 
Rs 

LINE 
CLT 

FM 
R. 

TOT,, 
Fw 

DRCF I PC % DROP% kV kV kV SIZ COST ') s. RsPs. 
mA l AVR KVA Rs. 

MIN 

0 1I 11 00 
0- TI 3 
TI- 7 
11  20 (S7 
2 - I'l2 I'S 
12 - 3 1 1 
I3 - N I -

:-'S 
"III 
03 

21 

3: 
1l412 
1101 
S7S 
4 

231 

3 
0 
0 
0 
R 
R 

111 
0~ 
04il 
01 
021 

2 

2 
3 

1 04 

5 
6J 

34 
3 
A0t 

10 I'l 
10 72 
10IORT 
10 6A 

I0 0 
108l 

0s'M~ 
10 72 
IQE 
10 6A 

10106 
10 kQ 

737 
7171 
62.65 
*9.98 

.2 
13.27 

16Z 
12 
3 
3 
2 
0 

1216 
1*12 
2S28 
2628 
1752 

0 

ISWT -7,27 73S 
21K*40I18 -37I0160 S3-
S252 1S6350*0 9E~7910770Q. 
52.;6 ;30WO 11Q,19 15,47" 
:G 2.20 6.1-0 6:24 

0 0 71.Tk.o 97 

866 

t422 
1237Z,4 
1 608 
9E5 

TO-I 

II- 226 1' I 16. 1 X 0.59 
62.4 

3 23 
2.64 
3.23 10 66 

1072 
10.E6 9.3S 1 876 17S2 16 3137 4127 ,4S07 

10-2 

U - 207 1 2 . 3 1 I.34 
3.42 
4.78 

342 
4 7^ 108 

1064 
10 S 19.74 S m3O 8760 8r0 34637 4&%7 10*67 

TO-3 

13 - 2,1 133 3IC 303 1 1.21 
3. 3 
S.01 

3 I3 
S(4 10 *7 

10.6 
10.47 17.9 350 7008 *6720 34637 , ,7 32177 

TOTAL 0 02 95923 83729 124631 1780311 

CZWX1Zru 

fllEP 
OG 
WT1 
GCPe 

i3 

. P 
D 
R 
G 

Fp, 8Ttm 
PER km 

0.16 
0 
G. 9 
1.330 

110 VI IM LZ 
PR- km C17 PER 

km (ps)
0 DO= !.30m 
030(K33 9-079 
00col6 8c.19 
000121 2373 

L[- FACTCH{RS = 876 

WTAG FER.ATP COST PS kVA 

T(F L S PER kW = Rs 2 

Ps 800 

AY= After Wlltae Pelatio 
PeRf= eore Voltage Rexulation 

FI = Present Uorth of Cost of Voltage Peglator
FW = Present Worth of Cost of Losses 
0 =Present rth of Line Cost 

F e= Psent Uorth of Total Cost (FVI4'V2+0) 

EAS.L V 1.100 0.00102 40S91 
SQUIl1 S 1.616 0 O011S 34000 
MLm 3.231 0.00290 2S099 

C:\FM\IIGaF]M wl 
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TAE: T,2-
I 

k%TArE OWP STLwIES F ON IOTA .;R WE%44'.DISTRICT C'K T'v:LmA Lt. 6 Io STATION 63-6 
II kV MAIN FEEDER Fi T-fFF 1,2.3
ULK1I: IT0iHT RLATCC MAIN Lof :DC6 Tu SECTICK. FRI31T CI ffE SZCTICS " GT',&CE CEM SETIA Fc LINE 1) F
CN . TIlaSF= 0 % 

'CTION DISTA,.E SECTION TOTAL CCW-ftT[R SECIUc TOTAL TOTAL VOLTAE OLT.45 (LT, WLTAEUGE FvI CIFS&4T -L. S LoSas.OLT4TE 
 1'2 LINE F1 TA0 LCD LW LC,4, IE ILTAGETK LTA3 ;T NX REG~ATCTI AT 'E E3JLATCF FEUATCA vTAGE ;1 ,,." k H" 
 T k. CGS R Pvc 

MAIN 

0 0 IIXI (
 
G - Ti 3 C.0 IS 3 
 I IS 1 I 1l1S4 F, 7., 72 "0 -7'
T; - 11 27 164 !2&S Cf 1 14 26* 26 107r2 10 7:
11 - 71 71 i01 1,2 s.itv2 zs; A2S206 0 87 2"6 "lo R 06Q 3 16 N 0s 1 &5S206- 12 1 2S N41 s7 R 0.71 1&23 7 61a: I s47i0 A7 - 3 3 97 3 97 1057 1057 I1 2 I0512 7c , . i12 -13 1 18 323 53 R O A 433 A33 10 53 105S313 - 254 1 33 231 231 G 0.39 A 77 4 T7 10 Ii. 175: 35Cii 2.i f44tJf 12a49 10 49 13 : 8;& 1752 iS, &'%.11 ;m1
 

TO-I
 

24 264S 226 125 1 164 6 0.2S 2.3 2,8 10 72 
5 1010.63 10 65 U *.Th £27: 

TO-2
 
3.97 
 3.97 


!057
12- 207 1..^3 ''ll 341 6 0.57 45S4 *4 1053~s 105 072
13 1 1752 35a Sk;.s 6-1&~'S ~ h
 

M0-3
 
%%%% 

3- 253 1.33 303 

a3 *331- 105.3303 6 0 SI 48 4 83 1048 10 4 
 17 ? 2 17,2 3S0* q40 C7*3 90783 

0
1TTA 

L3 *z~ s-^C4 sUs1i Z7032 s ;7Z7167 

CtlATOR tS RESISTANCE lILkV lkVVOI LINE LOSS FACTOR :M 876 A = After Vialtzg. R. lition
PER khL F kM COST PER 6, = Before Volta.x R-julati6

km (Rs ) VOLTAGE R L.ATOR MXSTpm P 0.16? 0.000 
PER kVA --Rs SOO Fl z Present Worth of C:st of Votage R-ul;tWr133S 
 F2 = Present Wort of Cost of Losses

Om "0 0.336 O.003 93079 COSTOF LOSSES PER kW =Rs 200 x Present Worth ofLire C"-tRMOIT R 0.59 0.00065 54319 C - Present Worth of Toal Cost iFVI+pv2+vj)
6spFr 6 1.330 000121 373S 
WASL u 1.100 0.00102 40591 
SQUINL S 1.616 0.0014S 3400 
mu m 3.231 0.00290 2203 



TABLET2-IS 

SQOTA Si.OIES GAED ON10TH YEAROM -. DISTRICTE DR DK TI L DAM . MID STATION GS-8

11 kY MIN FE Ft . T-OFF 1.2,3
CAS : UI OJ" BaLATOR. AIN IDE : OONN) CTYOI, RF1NT O,CN W ANDG14 ONE TONT SCTSETIONS 6%4 LIN ILE OW SE ;m G O T SinI . PF z 0.3S 

SCTION DISTANC SECTION SEII TOTALTOTAL XCI C CTION TOTAL VO.TA-. VOq]LG VOTAGE IVTA l QIffif LOSS LO0 LOADkW LO S L a py2 WE MP TILM VOLTAE VOLTAE VOLTAGE AT XE FLWATION AT NODEREGi.ATR EILATUR Rs h k 4 kWif COST Rs COT Rs% Wr1 kVkW R I kV kV SIZE COST (R 
P 

Rs Rs
B AYR ,R A11 ,A RS 

HAIN 

0 
0 - TI 11 00 IIC03 so 1315 0 1.5 1 5 1.5 10SA 10.94 73 72TI - I1 2 J7 164 12.5s 16 14016 2)32 1860 27927 3713a 5S0 1.11 2 64 2 10 K 10 72II - 206 0 87 2-I 1101 R 062 326 

71 71 12 10512 21024 140160 r'0537 329m aa53.26 1056 10.65206 12 71W 

50 31 6 &2S6 10512 70C00 Cr89 9306 1&M86
 

- 1. 341 57S R 0.71 3.97 3 97 10 57 10S 
6 83 7 6132 I324 81-60 4728 L53 144613 

u2- 13 1.18 303 5,U4 R13 - 2S4 0 41 438 4 38 105 3 20.531.38 231 231 6 0.-9 4.77 4.77 10 9 10149 30392 2 17S2 35,U M360 &40% 8S2*2 lCaGW13 3 1 876 17 IWOx 50634 0742 7910 

TO-I 

1 -N 1.25 164 164 2.6 2 6A 10 72m 0.9 3.23 323 10 66 10 66 93S 1 876 17S2 lt6,3 31074 41727 S27 

TO-2
 
3 97 3.9712 - 207 1.38 341 3I 6 10570 57 4.S4 4.5.4S 0510 S 19-72 2 1752 3S0 2Zu0 5C* 672 s,9Q3 

T0-3 
4 3813- 253 1.33 X3 3 6 0.51 4.S3 4

.9
3 10. 310 49 10 s4 1757 2 17S2 35 23260 564 67423 90783 

TOTL 
0 49 42324 ss 5723- 662-5.3I1471 2 1719602MI 

CtOCTOR AEER RESISTE l1kVYOZ lkV LINE LOSS FACTCR HMURS 876 Alter Voltag RegulationPER kA PER kM COST PER &A = Before Voltag Peglatio
kH (Rs.) VOLTAGE RELATOR COST PER kVA Rs SOo PP~mFlfR P 0 168 000022 13M0 

a Present orth of Cost of Voltage Regulator
PV2 = Present Vort) of C2st of LossesD06 0 O336 0 00038 93079 COSTOFLOSSES PER kW Rs 2.00 M z Present 1orth of Line CostRBIT R 0.6&9 0.00065 4319 PWCx Present 6rth of Total Cost (PW2V+,V43)

6 1330 000121 36735 
S W 1 0) 000102 40531 

SQU1FE S 1.616 0.00145 34000 
KUl m 3.231 0.00290 2S099 



- ---- 

TAE T2-I6
 
VOLTAGE DIP STUIES
II kV MAIN FEW FI 

SED ON I0 'T E p ". DISTRICT OWA TE].K M . T-UFT GID STAT]O S-01,2.3

CAS 16: ITH REGUATOR. MAIN LINE :


7CTlIO 
DO ON T SCTIONS, RANIT ON~mE SECTIONS ANDMIEDISTANE SECTI , TOTAL SCTION 

ONOW~ CTIM~ WMHI LINE :LMU SEMOflr noCTUC'tR CtiMTOTL GUMR am',A
) L L-W LGQ 
TOTA VOLTAGLT VOLTTAG VVT 

CT1GE. PF m0.TYPE VOLTA-E YETP-G LTA lOLTAGAt C REGULATION ATNOCE REGULATOR REGULAT1R Rs. 
CUI:(T LOSSES LOSSES LOS PY2 LINE PV3 TUTAkWH COSTkw 
Aws ki Fs COST P'sW I~~E4RP i k PkV SIZE OST
_____________________________________AVR Rs Ps.tA R. R5. 

0T 3 51 1215; 0iI 27 IGj I5 1 - _ 10 .TI 1 I S ?A
I I % 0 7 LS 14 61 -7 1 7S 11 42 1*5 725C-" %As b-70 it1411 0 1 R 0 1 * 1178 M i226.Z

^96 - 1,, 1 _6-72 I 
11 

I 1 1 71 " :, 2'-37 3 S 63133D07 'UI26 75 65 I 6 10- 11 R 0.71062 36 876 0 
12- 13 2 57 -5- 9 116I7614 1 7 5 20 116WO0 22 0 37 23 3*1I 4101 3 4,^j3 S ,, R 1163 S70.11 4 3 4s572 6 5256 40512c 7CWx)13 - 5 1 s 231 231 6 
-5 47 1I 115 . S L 8760 5,3400 72S8 625 1323330 3q 4.-7 -S( 1 &3 28.02 P,M 148706I76 11 2 17S2 35 223[4 640% 8Su812.18 1 ICaGM1752 116X S004 F72 in 903
 

TO-I
II  1 1-4 16A4 i 0.59 323 "-62 i I.SS II1q 
 8-41 
 1 876 17S2 1&q0 i 1727 63*07 
TO-2 

3)1 24112 - 6 0.57 A7S2 -51 151 
17. 9347 2 1752 N 207 107 

TO-3 

-.3 
 INI74r, 
 I 
 I 11S2 

I 876 175 
 11630 
 79103
 

4. 36792 7353* 4%-W c&W- 11471K2 17-14167 
(ZK'-r[ qc' RES STPK Ik 'ivt H&Vi1.04E LS FA.CTtM0S~) = 76 AR=AftEr Yotg PR-auIltioPEM k% (RsQ'EGATF A M.T PE5. z , YpP 0 Sefore Voltage PRegulation0CTA kNT~1ZMTME V ~ ~ DOG 0 0 ~ ~ i~ o~ xF"6'P2 FVIl Present 6krth of Cosl of Vvlt,? Regul~ator~ 0 0 91207-?O19 Cz Pres n t, or th of Ccst of LossesCFLTZ E W sPfF~ p~0 0 . 9UCs 1- ~ 53 19 lFr retVrho ieQs
 

6 1220 FV0CPr etsent Worth~ of Tota l (Cst
C(I 2 3672.5 ( N14 V f 31WASEL 
 I1100 000102 Ik0691
SWJ1F~a 
 S 16:6 0.00145 34000
KIE M 23!? 
 0 00290 250qj99
 



TABLE T2-17
 

VOLTAG COROP BASEDSTUDIES ON IOTh Y 'I .DISTRICT OU TMSIL CA GID STATIO 6-a
 
11 kV MAiN FEE Fl . T-OFF 1,2,3
CASE17: WITH RELATR ON POSITION 1. MAINLINf : DOONTW SECTvCS-, RP IT ON THU SCTIOS Pre ON MNECTION UCf LINE : Pq1.ON - SECTIm
B44D PF = 0. 9 

SECTION DISTACE SECTI(O TOTAL CON)CTR SECTION 
TOTAL TOTAL VOLTAGE VLTAG VOLTAGE VOLTAGE PFI CL TVOLTGE LOSES LOSSES LOSSES FV)2 LIE PY3 ITALMl LOAD kW L WAO TYPE 'LTAGE ,.TA0E VOLTGE AT N RE ATI14 AT ,4XE EGIATOR REBL.TC s A&PS ky kL CST R COST Rs Pm 
k CIROP Cf 4 I I i skII D kV kV C cT R -- Rs 

' A'R ? AR V R 

MAIN 

0 ,i C00 - T 3 50 1315 0 1.5 15 -i,3s 10 SA , 1192 145 725 0 ';, 25 7 04 14 1221 2E. 162 27 -37 37135 63133TI,- 11 2,37 1E4 1265 0 114 264 -721 11 7i 
 117S
I1 - 206 0 87 226 1101 R 0.62 3,6 52 10 S76J 17520 li& M3537 9353U 410134-6 S3 It71 11.71 57 14 6 KS6 10s2 10OOO 47258 62553 13M5206 - 12 1.25 341 878 R 0.71 397 -5 I63 1163 45 7212 - 13 5 m 8760 540U 67899 90306 1487061.18 303 S3 R 0.41 4 8 -547 11.58 11.S8 23 0213 - 25. 2 1752 -a3 640% G28 1086081.38 231 231 6 0.39 477 -S08 11.3 11.3 12 18 
 1 87; 1752 116W3 50694 6"7L3 79103 

TO-1 
2.64 -7211 - 226 1.25 164 164 .1 11.920.S9 3.23 -662 11i5 II.S 
 8.41 1 8;6 1752 I1630 313)i 41727 53407
 

T0-2 
3. 7 -5S8 11.6312 - 207 1.38 31 3A1 m 1.36 5.33 -4 52 114 7 11.47 1S017 3.%4 708 L720 34&.37 L 7 92797 

70-3 
438 -547 115813 - 2S3 1.38 30.3 303 M 1.21 5.59 -426 11.4. 114 16.1 3 262 25 350,4 U37 463-7 1107 

TOTAL 
1-2S 40356 5 U232729J1104470 1738175±6 3*532 

CC ,"CT A8R. R$ISTAUCE l1kVVOI IlkV LI,'E LOSS FACTOR HOURS 876 AkR - After Voltage Teulat1.n
PR klM PER ki COSTPER : 

km (Rs.) VOLTAGE E6GUATO COSTPR kVA Rs 500 
b,'Eefore Yc!tage Regulation 

PANTHER P 0.16a 0.00022 
PYI z Present Wrth of Cost of Voltage Regulator1330 
 PV2 = Present Worth ofCost of Losses006 0 0.336 0.00038 93079 COT OF LOSSESPER k H: Rs. 2 00 P3 2 Present rth ofLireCstRABI1T R 0.659 0.00068 54319 PVC a Present oruL of Total Cost (PW14V2PV3)

GPtfR 6 1.330 0.00121 36735 
WEAS W 1.100 0.00102 J0591 
SQJIRRE. S 1.616 0.00145 34 

m 3.231 0.00290 250"
 



TABLET2-18
VOLTAGEGROP STUDIES BASEDONIOTH rEtR 0AW . DIST7RICT Ou:W,ACASE 	 GRID STATI0'18: WITh REHU.4TOR ONPOSITION 2. PIN LINE ;06ON TVG 	

E-
i.CTLS.;. ;AEIT aN TWEE SECTIW,$ A ,OG Ej.O&CO,ESE.T1N GvC,, LINESECTION OISTANCE SECTION 	 : P Oh Ti-EE SECTIWsSTOTAL CCW9XTOR SECTION TOTALTOTA 	 PF : 0. 5VOLT4E;EECUAE VOLTAGEKl LCAD 	 VOLTAGEkV 	 VOLTAGE PVIVOLTAGELOAD TYPE VOLTAGE 	 C T LOSSESVOLTAGE 	 LOSSESAT NOE RjELLTIO1O 	 LOSSES PVATNODEREGLLATO REHLLATR Ri kC. 	

LINE F0 TOTALk c.TI Rsk 	 F; PUCDROP I DROP i ORY I v 1:VR AVR 8VR k SIZE CoSTAR KVA Rs
 
MAIN 
0 

TI -

11 

206 
12 -

13 -

TI 3 
1 2.37 

2C6 0 E7 

12 125 
X3 1IS 
254 1.38 

... 

50 
164 
26 

241 

231 

1315 
125 
1101 

875 
534 
231 

0 
0 
R 

R 
R 
6 

1 
1.1! 
0.62 

0.71 
041 
0.39 

1 5I 
2 64 
3 26 

3.97 
38 

4.77 

1100 
L 15 0 8 

264 ;0 72 
326 1065 

-564 10 57 
-5,2) 113 
-AZ6 11 53 

106 

1100 
101 
10 72 
10 5 

1163 
11 58 
11.53 

97 .18500 640 

73727 
717 
62 3 

572 
28 02 
12 15 

. 16 
2 1 
7 

5 
2 
1 

1 
:: 

61,2 

a280 
17K 
86 

0, 1, 0 27527 71' 85
2!0, 1.10160 rj7
12:6, 81760 472 E21-S3I 144613 
87E6: &8400 67i5l , 3& 21.3211 

710172 1601030 
TO-I
II -

TO-2 

226 1.25 164 164 m 0.59 
2.64 

3.23 

3.97 

2.6.4 
3.22 

-5 64 

10.66 
10.72 
10.66 

9.35 1 676 1752 116,6 513% 41727 5347 

12 "

TO-3 

207 1.38 341 3 41 MI i . 36 5.3 3 - 428 1 1 47 
11.63 
11 ,47 1 .743 0 M 47 0 3 06 75 

13 - 2S3 1.38 303 303 ml 1.21 
4.38 
S.59 

-5. r 
-4.02 11.44 

11.58 
1lILA 

16.1 3 2628 5256 35U0 34637 4667 81107 

TOTAL 
6. 51 44676 8552 55S &0 30425 110 -70 17646S5 

CONDUCTORAEa RESISTANCE llkV VO lkV LINE LOSS faZFACTORPERkM PER km 	
87E AVR:DST PER8i After Wltage Reo1atic 

PANTER ki (Rs.) VOLTAGE B=efore Voltag, Regulationp 01I 	 REGLLATOR COST0-00022 133088 	 FER kVA Rs SO0 PWI = Present Worth006 0 336 	 u,' Cost of voltq -,.laorRABBIT 000038 93079 COST 	 PV2 =Present Worth of CosR OFLOSSES PER kW 	 iff Losses0.659 	 0.0006S 54319 Rs 2.00 FI3 = Present Wrth of Lire Cos,PVC Present6 1.330 	 W of Toal "t (p~IsNv2)Fv)0.00121 3735eWASEL 
 W 1.100 0.00102 40591SQUIRRL S 1.616 0.00145 34000
1 3.231 0.0020 25 9 



TABLE T2-19 

SECTION 

VOLTAG WP STJOIES BASEC)ON IONTYEAR0W .OISTRICT UAA EiSIL CW,,k".Iu F F . !-T".2........AT rr 
Ti , 

.. ..rCASEI9: WITH RLATROF. MAINLINE :CO ONTM SECTIONhSW 6r ONFM SECTIClS. RN 
OISTANCE SECTION TOTACOIhRCTR SECTION TOTAL TOTAL VTAGE VOt.T49E VCLTASEKA LOADkW LOAD TYPE VO.TA6E VOLTAGE VOLTAGE ATkiGE REGLt, 'ONAT4)2E 

kW I COP I D UI kV kV KV_8avi AVR B'R ,yR 

GRI STATION 6S-8 

t :MOLE ONWYESECTION 

VOLTA VOLTAGE PVI 
REG1ATOR RE"TCR R.s 
SIZE COST 

;s 

AND&A a ONTWOSECTICI 

0BT LOSSES LOSSES 
AW, kW k 

2) 

LOSSES 
COST 
RS 

Pl2 
RS 

0.5 

LIk PJ3 
COST Rs 
s 

TOTAL 
PVC 

FIN 

TI -
11 -

-
12 -
13 -

TI 
it 
206 
12 
13 
254 

3 
237 
087 
125 
1.18 
1.38 

50 
164 
226 
341 
303 
231 

1315 
1265 
1101 
875 
5,4 
231 

0 
0 
G 
G 
G 
5 

15 
Li[ 
116 
i3; 
0 76 
0 39 

5 
2-4 
38 

5.12 
SU 
6 27 

-33S 
-721 
- 05 
-473 
-397 
-358 

10 8 4 
11.78 
11.64 
111A9 
114 

11.36 

i;92 
11 78 
1164 
1!49 
1 
11.36 

IIs 72500 U5o25J 4 14 
5 26 10 

57 48 11 
6 0 Ii 
28 47 4 
12S 1 

12..4 
87E0 
'631 
9636 
350O 
87 

24528 
17520 
19272 
1972 
7008 
1752 

165S21 27237 371395 
116.&32,097 2334 
2-480 31959 42S55 

128420 45i19 61072 
46720 L3.3.757652 
81174,0 5)75 67423 

631330 
41019 
170985 
189452 
1372 
79103 

11 - 226 1.25 164 164 i 0 53 323 -662 11.85 11.85 841 1 876 1752 IIE.-031374 41727 5347 
TO-2 

12- 207 1.38 341 341 6 057 
5.12 
5.69 

-473 
-416 11.42 

11.49 
11 .12 18.15 2 1752 Z-504 2336 50694 674n3 90783 

TO-3 
3 S3 1.38 303 303 6 051 6.09 -3.46 11 34 11.34 1624 1 876 1752 116 0 5,694 67423 79103 

TOTAL 
96425 55 41O 96360 642e00 80.SIS 10700A 13C29 

-- ---------------------
--------- - -------

COO'XTOR wa 

PMT)ER P 
006 0 

I8T1 R 
6 GIERO 6 
EASEL 

SQUIRREL S 
rOLE i 

RESISTANCE 
PER ktM 

0 I6 
0336 
0659 

1 330 
1.100 
1.616 
3.231 

l1kVVD: 
PER kA 

0 00022 
000038 
0.00065 

0.00121 
0.00102 
0.00145 
0 00290 

llkV LithE 
COST PER 
ki (Rs.)
133088 
93079 
54319 

36725 
40.591 
24000 
25099 

LOSSFACTURW zS 876 

VCLTA6E .ELLATOR COSTPER kVA Rs 

COSTOFLOSSES PERk'H Rs 200 

5O 

AYR = After Voltage Re lnat.on 
EvR = 8efore Voltage Re,.uj-jtion
.N1 = Present krtn of Cost otVoltaeP2 = Present Vvrli of Cost of Losses 
PW3 = Present kort of Lie Cost 
FIX = Present Vorur of Toto1 Cost * 

?e&,Alator 



TABLE T2-20

VOLTA6E DROPSTUDIES BASED ONIOTH YEAR11kV MAIN FEEDER D0rAM." DISTRICT OKARAFI .T-OFF 1,2.3 T CK.5L h&ID STATION
CASE 20: WITH REGULATR. 65-EMIN LINE : 006 ONTW SECTIONS Ao 6CeoiR Oh FOUR SECTIONS BRANCH LINE :rO.E ONTHREESECTION DISTANCE SECTION SECTIOSTOTAL CONDUCTOR SECTION TOTAL P 9TOTAL VOLTAGE VOLTA-EKi t.-'OLTAEELOAD kW LOAD VOLTA6E VOLTsSETYPE VOLTR6E VOLTACE F'dI CUFT LOSSESVOLTAGE ATNODE LOSSESREGULATICo LOSE. PV2ATNODERE6UATR RE6,.AT, Rs Aws kw 

LINE P3 TOTAL
NU DROP DROP : DROP Z kV kY 

ktht Cf.OT Rs ST RsEVR AYR V S!ZE COST NCBVR (30'2R) Rs
AVR 
 KA Rs. 

kR
Rs
 

00 TI 3 50 1315 0TI - 11 2.37 I6 1265 15 15 -835 1100 1H00 1.14 10 84
11 - 264 -7.21 1178 0 t,2- 206 087 226 IObl0 1176 15 725001101 6 5,.1.16 . € 027 1010- 3.8 -605 11.6 6526 7 7524 EZ05 2-C97253 3206 12 87601 2H 0 7 ,Io-'<u1.25 34 , 75 1164 17528 1&35 20 ,597 36 1.32 410134
12 - X3 1.18 30 53 
5 12 -473 11 49 11 49 

57 48 II 936 19272 12S4W 319536 0 76 5.88 4255 170385
13 - 254 1.38 231 -397 11.4 418 1 936231 11 13272 usO
6 0.39 4IC7:6.27 -3.56 11.6 2847 A 3504 708
11.36 4Z7.'04a347
1236 "75 1 2
1 876 
 175? II&E7
0 7 4:5 79103 
TO-I
 2.64
II - 226 1.25 164 164 -7.21 


m 0.59 3.23 -6.62 11.85 11.92
1185 8 41 1 876 1752 11EA 3137* 4:7 
 53407

T0-2 5.12 -4.7312 - 27 1.38 341 3*1 11.49P. 1.36 648 -337 1133 11.33 18.29 A 3504 7Cj 4L720 3.LQ7 16? 927V 
TO-3
 
13 - 253 1.38 303 303 m 
 1.21 6.79 
 -2.76 11.26 
 11.26 16.35 4 3504 7008 16720 
 34.7 46067 92767
 

TT45 


60 52560 105120 70MO T7,40i 107-.. 1524517
 

COM)UCTOR ASSR. 
 RESISTANCE 
 llkV VD11lkV LINE LOSS FACTGR HOURS = 876
PER kM 
 PER kM COST PER AVR After Voltage R&,1ation 
.PANThR P kM (Rs.) M = Before Voltage R jlatlon0.168 0.00022 VOLTA6E RE6U.LATOR COST PER kVA
13308 Rs S0
0 0.336 PI =Present Worth of Cost ofVoltage Reulator006 

0.00038 93079 PV2 Present Vrth of Cost of LossesMR8IT COSTOF LOSSESR 0.659 0.0006 5-4319 PER kWMRs 2.00 PV3 = Present Worth ofLine CostPVC = 
0OR 6 1.330 Present Worth ofTotal Cost (PW1*PW2+f'w30.00121 36735
WEASEL 
 v 1.100
SQIFE 0.00102 40591S 1.616 0.00145 340W
'{L ii 3.231 
 0.0029O 25099 



TABLET2-21 

VOLTAG 0 STUDIES B ONIOlTH YEA-P i . DISTRICT AA TEHSIL OWA ERIO STATICM G-6 
11kYMINFED Fl 
CASF 21 WITH Ea'UTOR. 

T-CFF 
MIN LINE 

1,2,3
006 ONT SEMINS, R I1 ONTiff .SECTIOCS AND6PrE ONONSE"CTIO.B LINE :OL ONONESECIO A MONSE'f ! a 0.3E 

SECTION DISTANCE SECTION 
K21 LOADkW 

TGT,.MXfXTR 
LOW TYPE 

kwit~ 

SECTION 
VOLTAGE 

TOTAL TOTAL YOLTAE 
YO. VOTAGET ar4 

w I~~ MPI kY 
EVRAY 11 

'AOT. 
RESW-4TCN 

k 

LTAE VOLTAG 'VITA 
ATWa Ea RE&Lt .iTCJ 

kY Si1-E COST 
VA Rs 

I 
Rs 

M T 
4ws 

LOSSES 
k 

LOSSES 
ki 

LOSSES 
CCST 
95 

P2 
Rs 

LINE 
COS 
Rs, 

?J3 
R. 

ImTm 
Y 
0s. 

MAIN 

0 
0 -
TI -
II 
206 -
12 -
13 -

TI 
11 
26 
X2 
13 
2. 

3 
2 37 
087 
1.25 
1.18 
1.38 

so 
16A 
226 
341 
303 
231 

1315 
1265 
1101 
875 
5U 
231 

0 
0 
R 
R 
R 
6 

1.5 
1.14 
0.62 
0.71 
0.41 
0.39 

1 
2.64 
3.2S 
3.97 
4 8 
1 77 

I! 00 
1.5 1.u1r, 

-7 i 10/2 t07 
-; A9 11 72 
-5.78 11.6E 
-5.37 11.53 
-4.98 1.5i4I.S 

OR) 
!O.5 
11.79 
11.72 
11,GA5 
1159 

110 7M00 93100 
137 16 
&S2 10 
57Q9 6 

E; S 
28 2 

!.62.16 1 

1-016 
376 
556 
L:= 
1752 
876 

,2, 
1720 
10512 
37(47 
:&U 
175 

lS6&.0 279237 
11&0O SZ--597 
70.; 47" 
R," M7 
23 60 &A-G 
1160 2' 

371S 
_ 

6M8K-3 
9-
624 
E7423 

50332 
13233 
148706 
IOA 
79103 

TO-I .... 
11 - 226 1.25 I. I64 1 0.59 

2.64 
3.23 

-711 
-6.52 11.72 

11.79 
11.72 8.5 1 876 17s2 116- 31174 41727 53407 

TO-2 
.... 
12 - 207 1.38 341 3&1 6 0.57 

337 
I.54 

-5.78 
-5.21 11.57 

11.64 
11.57 17.91 2 1752 3,.)42". Ob3 7.,23 90783 

TO--3 

13 - 2S3 1.38 303 303 6 01 
4.38 
4 89 

-5.37 
-4.86 11.53 

11.59 
11.53 IS.97 1 876 1752 11"3 54 671n2 79103 

MATL 93100 a4 M5S" 7-,CW3$Ij'40 %:S43 1147162 17S42M) 

Ct'OUCTG' 

PANTlER 
006 
WM IT 
GO1PI 
WASEL 
SQUIIL 
ROLE 

AMR 

P 
0 
R 
6 

S 
m 

RSISTANCE 
PER kM 

0.163 
0.336 
0.9 
1.330 
1.100 
1.616 
3.231 

11kV VO%IlkV LINE 
PERkMCOST PER 

kM(Rs)
0.00022 133088 
0.00038 93079 
0.00063 54319 
0.00121 3673S 
0.00102 40591 
0.0014 34000 
0.00290 25099 

LOSS FACTOR W = 7E 

VOLTAGERIEGLATOR COSTPERkVA Rs 

COSTOFLOSSES PER4W Rs 200 

5) 

AV = After VolLt ge -julatn 
M = Before Voltae Reulaticn 
NI =Present Worth of Cost of Voltage Re Ilato-
PV2 =Present krth of Cost of Losses 
P) =Present krU of Line Cost 
PYC =Present Yorth of Total Cost (P'WltPV2+fV3) 

tnmy~kcF- niimo tIlU .LhI 



TAE T2-22 
VLTAGE OP STUDIES KOSEC)ONIOTH YA DOWM DISTRICT CJR T&CIL CARA .10 STATION 65-aCAS22 WITH IRE6LUTOR ONPOSITION 3. MAINL':E DOGONM SECTIU4.S, WZ.IT C-.!F: SECTICONPC GUEf] OhOE SE.CTICt ER LiESECTION 	 : 4L ONTrfE SECTIONSDISTANCE SECTION TOTAL 	 PF = 0-95COXM SECTION1TOTAL TOTALVOLTAE VOLTAGEVCLTAGEVOLTAGE0 LOAD kW 	 VOLTAGE PI DQFETLOAD TYPE VOLTA(VOLTAGE 	 LOSSES LOSSES LOSSESVOLTAjE ATM0DEFZ rwv'. 	 PV2 LINE F14 TOTALfICN ATWUX)K61ATCP RE&LATCR Rs AS IVkC I U& ORCP 	 k CcrST RR CCST Rs PwCI kVBVR 	 kJ SI, CosTAYR M. 	 (2LI'3 R5 RsAYR 	 FSKVA 

AIN 

0 
0TI 
I 

206 

12 
13 

--
-
-

-
-

Ti 311 2.37 
0 067 

12 1.25 

13 1.18 
2-5 1.3 

sol6 
2i" 
3*1 

303 
231 

1315 0!-26. 0 
1101 R 
875 R 
SU R 
231 6 

1.51.14 
0.? 
0.71 
0.41 
0.39 

1.c2.6A 
3.2N 
3.97 
4.38 
4.77 

1 5 -711 
-649 
-S.78 
-537 
-1.9 

1!.00 
10.8410 72 
11.72 
11.64 
11.59 
111U 

107 

11.00 
IO.S411.79 
1172 
11.64 
1159 
II 4 

140 70000 93100 75 7:6.52 
57 05 
L.E 

-

'11 

1610 
6 
5 

12 

1*01687E11 
5:56 
k.& 
1752 

87675 

23175,'0 
10512 
8760
1 

1S 

II&T 
7C(O) 
S8400
2 

27-Q37 37M~520597 233394 
4725. E655 
678 9 % C& 

4 ,s 

S 5Sa229s 
1333 
U87061 

n103 

11  22 125 16A 14 mI 0.$9 2.6A3.23 -7.11-6.Q 1.72 117911.72 a's 1 ?76 17 1 17 177 0 

TO-2 
12 - 207 1.38 341 3,1 A 1.36 5.33 -4. 2 11.48 11.48 18.05 4 35(u 70(r 45720 31&37 ti O 927 7 
T-3 
13 - 2S.3 1.38 303 303 A 1.21 5.9 -416 1145 4.0-5236 11.LSIIU.59 16.0S 3 525 5 .6_37 -4.'7(Z 81107 

TOTAL 

31 0 48 L'0 840% Sgk*0 8 2 110,t470 17 8210 

NIXTOR AEER RESISTANCE 11kV YVOl1kV LINE LOSS FACTCR HOLRS 876PER k PER kN COST 	 AVR= After Voltage Reulat ionPER 
M = Before Voltage RegulationPANdTi 	 km (Rs.) VOLTAGEP 0.168 	 UI.ATOR COST0.00022 133O 	 PER kVA Rs. 500 PI z Present Worth of CostD06 	 ifVoltage Regulator0 0.336 0.000 93079 	 P 2 =Present Worth of Cost )fLossesM,(1IT 	 OFLOSSES PER k H Rs 2.00R 0.659 0.00065 S4319 

COST 	 P3 = Present Worth of Line cost
NC Present Uorth of Total Cast iPWItPW24W3)m E 1,330 0.00121 36735WASE v 1.100 0.00102 40591SQUIMI L S 1.616 0.00145 3M000

IJ.E A 3.231 0.00290 25099 



TABLE T2-23
 

VOLTA6E CP STuIES 
 ASm ONiOTh Y omW DISTRICT OKw TE-IL OKARA GRID STATION G-e11 kV PAIN FEEDER Fi T-TFF 1,2,3
CAS 23 : 1OJT RELAT. MAINLINE :D 00ON TE SECTIONS. RaIT ONOE SCTION, G 6 
 ON04 ONE CTIOU MOLOEGOR 	 AND ONONESCTICN BP4 LINE : MLE ONONEONTWOSCTICIX. 	 SECTION AND 
PF:0.

SECTION DISTNCE SECTIN TOTAL CaNDUCTOR SECTION TOT TOTAL VOLTAU: VLTAGE VOLTAE YOLTAGEa .TAC. PI LOSSES LOSSES LOSSESKM 	 PV2 LINE PV3VOLTAGE NODELQ kW LOAD TYPE VOLTAE- VOLTAGE AT '16k.TION AT -OCEREUATOR REATG 	
TOTAL 

Rs A-s kH COST Rs COST Rs FVkW DV I W I R kV kV kV SITF COST 	 .R) Rsss 
BY 11p Z' AVR KVA RsR55 

MAIN 

0 
0 - TI 3 so 	 i00O iJ1315 0 i!0 I 15 0 3 73 72TI - II 2 37 164 12&5S I It 2 4 2 6A 0 72 

0 34 	 16 1'i zlm lit 273237 27;5 5-C10 72 71 71I - ft 0 S7 ,2, 1101 0 	 12 .J512 21024 140160 2 097 =5- ia40 2 3 3 10 6a 063 62D5-	 ^1 3&.:Jo12 1 25 34' 87S R 0 71 3 71 371 10 10 6 	
5K, &) 79 107702 1427421
12 - 13 1I13 303 SU G 0 76 -A 7 4 47 10 52 	

50 17 6 52 105!2 700W 6739n 4)6 16.J38610 5213 - 2H4 1 38 231 231 M 0 92 539 S 39 10 42 10 42 	
X S 4 350 7(A.3 4672x C247 57652 1*37213 47 2 152 350* 2rK.& 3 2)7 6.X76;A27 

TO-I 

I 2 :A 2.641 - 6 1 25 164 164 m 0 59 3..3 3 23 10 66 1072
10.66 9 35 1 876 17S, 11 .,X 3;S74 4i :7 53407 

TO-2
 

I - 207 1.38 341 3,1 6 3 71 ?7 	 106057 4.28 42 10 54 10.54 	 19 66 2 1752 34 2360 ST&C 67,'S 907 

TO-3 

13 - 253 1.38 3G3 303 A 47 4 47 10 526 0 51 4.98 4 98 10 47 10-47 17 S9 2 1752 35k, 2KQ .56.34 6743 9,7,3 

TOTAL 
0 48 42 4 809% SE-064O l Ic9 119s.7 1703719 

COWCTCR AEEAR.ESISTNE I kV)1 11kV LItE LO FLTCR IOJS 876 VkILc ?cfR-3Iation 

PER kM 
 PER kM COST P9 Y = Before YoIt.e k-guliation
kM(Rs.1 VLTA0E REULATOR COST PER kVA R!sS0 PIP-lIWFR 	 = Present Vorth of Cost of Voltage RE-jilatorp 0.16a 000022 133088 

DO 	 P2 Present Vrt, of CostL of Losses0 0336 0.00038 93079 COSTFLOSSES PERkWi Rs 2.008T1 R 	 P3 = Present ortL of Lre Cost.0 659 0.00C65 54319 PVC z Present ,.rth o Total Cost (F 4V2+tV)OP°fE 6 1.330 0.00121 36735 
WEASEL v 1.100 0 00102 40591 
SQUIR1EL S 1.616 0.00145 34000 
MOLE N 3.231 0.00290 2509 



TA&i T2-21 

SECTION 

MAIN 

VOLTAGEDROP STUDIES BASS ONIOTH YEARODEJ-, DISTRICT OK-4 ITt.SIL ; GRID STATION 65-811 kV MAINFE - Fi . T-OFF 1,2,3
CASE24 : UITIJ REGLATOR MAIN LINE :DO ONTWfE SECTIMt.S, RA68Ii ON~ONE£6TIC~ 6 GGdONONSCT1Ctd "4 I'(LE ON(If 
601GE ONO SECTION ANDSQUIRRE. ONONESECTION. 

_ _ 

OISTANCiE SCTION TOTAL CJOOXTrR SCTION TOTAL TOT "TA VOLTAZvGLTA9 VOLTAGEVOLT FVILM LCADkW LOAD TYPE VOLTACEVOLTAEa A . OCE- TT E£TC, ATu.C( RE&G.. TORK6?LATOR Rs
kW DRP I COPI DRP I LV v v SI H CZSIT

R A BVR AVR KV Rs 

SECTIC* 

CtFRT 
APs 

DL4 

LOSSES 
kv 

MEi :3MOLEONOWSCTIGd. 

LOSSES LOSSES FV2 
k6H COST ;s 

Rs 

LINE 
COST 

M 
FS 

= 0.55 

TOTL 
PwC 

Rs 

00 - TI 
TI - 11 
Ii - 206 
206 - 12 
12 - 13 
13 - 2S 

TO-i 
11 - 226 

TO-2 
12 - 207 

TO-3 
13 - 2S3 

3 
2 37 
0.87 
1.2S 
1.18 
1.38 

,,~ .2 

1.2S 

1.38 

1.38 

50 
164 
2 
341 
303 
231 

164 

341 

303 

1315 
12fz 
1101 
87S 
5.1 
231 

164 

341 

303 

0 
0 
0 
R 
6 
A 

6 

S 

1'S 
1.14 
O.3 
071 
0.76 
0 92 

0.59 

0-57 

0.61 

1.5 
2 6 

3 
3 71 
4 17 
S 39 

.6A 

3.23 

3 71 
4.28 

5.08 

I S 
264 

3 
3.71 
A47 
5.39 

2.6A 

3.23 

3.71 
4.23 

5.08 

11 (9)1,4 
10.72 
10 63 
10 6 
1052 
10 L2 

10.66 

10 

10*46 

110010 84 
10 72 
10 68 
106 

105 2 
1042 

10 72 

10.66 

10.6
10.54 

10 46 

73 72 
71 71 
62S 
50 17 
3085 
137 

935 

19.66 

17.6 

16 
12 
3 
6 
A 
2 

1 

2 

2 

1s016 
13512 
262 
52S6 
3504 
1752 

876 

17S2 

17S2 

i 
21024 
S256 

10512 
7 
350 

1752 

BU 

354 

1'c, 
140 
3&40 
7(KQ 
4720 

3:7" 

1i& 3 

260 

2,,a 

279237 37 1:x 
-0597 2u 
0979 IU702 
67899 4ZX 
4.3a4.757E 2 
3L37 C-;17 

1371 *1727 

5 4 67t23 

46920 E2" 

S&3:-5 
44.. 
1*2742 
16038 
104372 
69427 

S307 

90M 

8576 

TTAL 
0 8 420 48 SO % S6 060 5 1564 I I 16 700 

CO CTORABBR. RESISTACCE 
PER kh 

"AINTIG P 0.168 
00 0 0.336 
R IT R 0.659 

6 1.330 
MmL v 1.100 

M S 1.616 
m 3,231 

IIkV DVOIlIV LINE 
PER k COST PER 

kM (Rs.)
0.00022 133088 
0.003 93079 
0.0005 54319 

0.00121 3673o 
0.00102 0I591 
O.OOL 34000 
0.0029 25099 

LOSS FACTOR HOURS 87; 

YOLTE ECULATOR COST FER kVA Rs. 

COST OF LOSSES PER kWH: Rs 200 

500 

AVR= After Voltage Regulation 
8 Be;re Voltage Regulation 
PI z Present Worth of :ost of Voltage ReulatorPN z Present Worth ofCost of Losses 
P3 = Present Worth of Line Cost 
NC Present Worth of Total Cost (NI+N2N3) 



----------------------------------------- ---------------

-------

--- ---------------------------------------------

TABLE T'2-1_ 

EVALUATION OF NET PRESENT WORTH OF COST OF 11 V OISTRIBUTICIN
 
LINES OF FEEDER FI GRIDSTATION GS-,, DISTRICT OKARA
 

DESIGN OF CONDUCTOR BASED ON 10TH YEAR DEMAND
 
PROJECT LIFE = .X Yealrs
 

YEAR Cl-'T Rs PRESENT ;iTi iF CFKT. F: 

---------.
.------------------

CAP ITAL VOLATGE LOSSES CAPITAL + L'CrSE, TOTAL 
REGOLLATOR REGLLATOR 

1 %SS,6,,4 0 3 :;6 7i4,:72 2,a, 74.7 :)17 

.3 C). C 12,37, )1 

4
S 0 C

:'¢ 22,655
,4F,22-- :--

S-

6S 0 0 51,13 C'0 ,.. 1 - . ,, 

7 0 '. 57,3'3 C 21 . -" 
0 Q. 'C) 21 4 .,1 "'1,.150 

.'9 0 ) 7, 2''..7 U J:11 , 116 
to 0 0 84, 096 ) 20, 20C 7G7 
11 0 C 35,636 c 20 ,. '0,556 

13 
13 

0 0 
1u" 
122,68s C 

"")0C 2 
20,102 

C'.2 
20, 102 

14 0 C 140,658 C 19,79 19 ,37? 
15 
16 

0 
0 

C' 
0 

153,962 
175,004 

C 
C 

1,53 
13,702 

19,658
13,7(2 

1713 (C0 CC) 131461209 ,466 C)C' 17,7:1.9., 17, 792
16, 26 

13.: C 0 223,164 ) 16 ,:il 161(2 
21 C' 1 Q'),o000 250,714253,31 f,;2"C' 15 11..0 21, 64313.0 

22- C) 0 269 247 C 1,..33 12,439 
23 C) '273,021 C 11 ,21) 11,210 
24 C 0 29, SCO C I, 101 10 101 
25 C' 9=,9500 23,646 23 , 10vT 3'1 
26 
27 

' 
0' 

' 
0 

"309,4SS 
319 , 5 

0 
. 

R 174 
7 .41 

,174 
7,31 

233 0 33), 047 C' '; 2 .,5'2 
29 0 0 24,351 0 S .2C) 5,'20 
30 0 9,500 352,01) 14: -s.,4 60 

SALVAGE
 
VALUE 427,342 61,25'0 0 7,:37 7,..7 

TOTAL NPV 758,216 434,6. 1,j,.,,839 

AT TABT2-25.WK1
 

http:TABT2-25.WK


TABLE T2- 25A
 
VOLTAE DROP
STCIDIES BASED ON IST YEAR 0DOW. DISTRICT OpARA TEHSIL OKARA11 kV MAIN FEDER Fl 	 GRID STATION 65-6T-OFF
CASE A :WITHOT RE6UATO. MAIN LINE1,2,3:006 ON THREE SCTIONS, RABBIT ON ONE SECTION. GORIER6R E ON ONIE 	 ON Of SECTION AND MOLE OXSECTION A2 SQUIR. ON O SECTION (EXCLUDr 	 C CTIC BRA LINE - MOLO&M) ON EONE SCTION,
 

SECTION DISTANCE SECTION 
 TOTAL COOXTC SCTION TOTAL 	 PF 0.95TOTAL VOLTG VOLT4EE VOLTAGEK LOADOk LW V.TA6F 	 vOLTAG VOtTA6E K CUF.1EJNTTYPE 	 LOS2.SVOLTAG VOLTAGE AT NOE R L.TION AT NOE 	 LOSSES LOSSES PV2 LINE PV3 TOTALRE6 ATOR RE6LAT. Rs s kDROP I w I Do zi V kV 	 kWiT Cj Rs COMT R5kV SIZE COST 	 Pc
(3.I2R) 
 R5 
 RS 
 Rs
m AA B4 M KVA RsMAIN
 

MI1
;.. 


- T1 3 le 2E.3 0 8.3 83 83 1897TI - X1 237 33 	 16 371 - 266 87 45 2 5 . 3 	 14 Z EIA22 0 1 9 	 S.6, I*887 46 89 	 73 7:3 778 6 18.93 4 5 	 263206 - 12 1.25 68 175 	 l 93 8 7 45 13524 74437 2785'3 228597 2661-4R 814 	 12 23 a 1318 74 '74 	 II12 - 13 1.18 61 187 
1891 te91 	 238 1,.3 8.73 6i79 825126 0 Is e 89 0.89 	 9 75 e 23 2613 - 2SA 138 18.89 1.89 	 41? 277 676EX 6789E 46 	 785A 818 1.07 187 1887 18 87 	

5 97 e 168 147 29 1568, M.337 L33.7 ".7
2 57 8 88 
 77 154 1827 34.7 
 3t.37 3564 
TO-I 
I 226 1.25 33 33 M 0.12 0.65 
 8 5 I 93 
 le.93 
 183 84i 36 
 72 A& 31371 31374 3195A 
TO-2 
12 - 297 1.38 6 8& 
 68 6 8.741 1 .86.@1 as74 18.9 10.9110.9 
 3 79 0.879 69 13 K6 594 U4 514 
TO-3 

0.89 a 89
13- 253 1.38 61 	 10.8961 S 8.12 1.01 1691 1 88 188 
 341 8878 
 68 13E W7 46920 L.6E2 47827 

TOTAL 


8 934 
 169 M 22574 8W,84 85568 8782 

MXC 
 IO ABBR. REISTAE 
 llkV VDI 11kV LINE 
 LOSS FACTO HXRS z 876
PER k! PER kM COST PER 	 AVR = After Voltage Regulation
 
BYR Before Voltage Regulation
PWTHER p 0.168 	 kM (Rs.) VC.TAG FEGLILATOR COST PER00462 133M 	 kVA RS 58 rWl
006 0 	 =Present Worth of Cost of Voltage Regulator0.336 0.003 3g79 	 P2 z Preint Wrth of Cost of LomesWIT 	 COST O LOSSES PER kH -R 0.659 I. 2 5315 	 I 200 PW3 9 Preset Worth of Lir Cost

PVC 8 Pram~f 	 nt Worth of Total Cost (PWIIf2,f )6 1.330 0.00121 Z735WASEL y 1.10 .12 44691

L fIRS 1.616 4.021 3W 



TtA.BE T2-25P 

VOTAGE MRSTW.IES BASE ONSTH YEAR DISTRICT TaISIL OIAR 6R1O STATION 6S-8DO W&M 
11kYV INFt-E F1 . T-*F 1,2,3

CASE : YII TlOU TOR.MIN LINE :DOS ONf SECTICNS, RAfiT ONA MT-, ONA ECTIO SECTI 0 LINE ONOWE
SECTION,
(O ONESCTIO W S I. ONONE SCTION (EXCLUDIG O&M) P = 8.5 

SECTION OISTANCE SECTION TOTAL CONCTOR SECTION TOTAL VOLTAG V VOLTAGEPlI W LOSS LOS LOSSES PV2TOTAL VOLTAGE ,OLTAGE TA6E LINE P3 TOTALKM LOAD kW LOAD ThPE VOLTAG ATNCE L~..TCRtULATOR Ri A kW k CST Rs COST RS m VOLTA6E. VO.TT AT O RLATIN 
kW COP ICIFCV IIV IV SU2 COST (3LI'2) Rs Rv RS 

8%, AA mW AVR IVA R 

MAIN
 

I -TI .3 36 9*7 0 18* 1 a88 a18188TI - I 2 37 118 911 0 a82 19 1 9 1 79 4Z92 7413 11826 38 279n37 27337 378710 79 51 3i 6 29 &36 118M8 734.53K2257 Kla597 2'94aII - 286 8 87 163 793 0 26 2.16 2 16 18 76 I 76 " 79 1 759 15.41 3q82 257 80979 8,979 101526206- 12 125 24 638 R 6 51 2 67 2.67 10 71 1171 35 75 3158 2766 55Y2 98 67899 67899 1477912 - 13 1.18 218 38A 6 055 3 22 3.22 '06.&e 65 21 91 2,26 19I8 39 2,488 43347 '"'7 6974713 - 2S4 1.38 166 166 066 288 388 15 8 18 9 4 1 217 l866 2132 [A213 34637 34637 48.58 

TO-I 
1.. 19 18 7911 - 226 125 118 118 m 4*3 2 33 2 33 I 74 10.74 6 E8 85i 474 94 &KI 31374 3137A 3761A 

TO-2 
2 67 267 10 7112 - 207 1.3 246 24 6 8*1 388 38M 185-7 18 67 14.01 1.a81 947 189A 12'627 58694 5,).- -;A &n1 

TO-3 
3 22 3 22 10.6513 - 253 1.38 218 218 S 8."4 3 66 366 106 10.6 12.5 1.045 915 I1830 I1w 46928 16924 5911. 

TOTAL 
 0 2512 22611 45222 NI 4,9e &568 &8556 157164 

CCTOR ABM. RESISTIZ l1kV VO llkV LINE LOSS FACTOR HOURS876 AVRa After Voltage Reguiatin
PER ki PER kMCOST PER R Before Voltage Regulation 

kM (Rs VYLTA6E PER 5 08WI F6,U..ATOR COST kVA Rs =Present Wrth of Cost of Voltage Re.u.latorPMTIHDR P 1.168 0 0 22M1330 
 PV2 x Present Worth of Cost of Losses
D6 0 0.336 0.0038 
 93079 COST OFLOSSES PE kWH = Rs 2Q PV Present Worth of LineC t
RABBIT R 0.659 0.8 54319 P a Pre4nt Worth of Total Cost (PYIiV2tM)
GOPfR 6 1.331 0.00121 36735 
WASEL w 1.1IN 1.64162 4U691 
SQI . S 1.616 0.001*3 340W 
IiME m 3.231 6.0" 25099 



TABLET2- 25C 
VOLTAGESTUIES BASEDWiCP O IOTH YEAROYM DISTRICT OKW ITSIL XRA fb10 STATION 6S-811 kV MAINFEDER Fl . T-OFFCASE 1.2,3C : UITOUT MLtATrO. MAINLIt :00 O THREESECTIONS, iRABIT ONW SECTION, 6 COONCW SECTION P rtE ONW, S.-TI* W LIR : Ki-t ON ONE60 HR ONONESECTION ECTION,D)S UIRREL O N E SECTION ( XCLUD I, G ).

SECTION DISTPOCE SECTION TOTAL CONDUCTORSECTION TOTAL TOTAL VOLTGE VOLTE VaLTAGE VOLTAGE P1IVOLTA&ELOAD LOAD C1ERENT LO ,S SKM kW TYPE VOLTAGE LOSSES LOSKcVOLTAE VCLTAGE Fv2 LINEATND RE& TION AT E REL T REGLATOR Rs As P TOTAL
kw DRP I D ky kv kv 

k k COST Rs ^OST h PvcSIZE COST (3lI'2) fis Rs
Bm AVR m AR KVA Rs 
MAIN
 

00- Ti 2 Se 131S 0 15 15 1 1084TI - II 1 842.37 164 1265 D 717. 016
Xi.- 2 

I 26 2,4 10.72 1172 2U3- IEtaU 279237 27237 466117087 226 71 
256 -

1101 0 0 36 3 3 10.68 1068 
71 12 1;12 2102* lAI8.- 22657 M20597366757I2 1.25 i41 875 R 62 65 3e71 3.71 371 10 6l0 26N 52.563540 80979 809796 11601912 - 13 1.18 303 34 Sa 17 66 076 4.47 52cZ 10512 706U4A7 1 52 10 52 67899 67899 13797913 - 254 1 38 231 231 30 S;m 6 92 S 395 539 10 42 1042 

A 3,;. 7003 672N Lf,7 M3347 9.3713 17 2 1752 3U 232 34637 337 57997 
TO-I
 
II 226 1.25 164 164 A 0.59 3.23 3.23 10.66 
 10.66 
 935 1 87E 17S2 1166 31374 31374 .3ou 
TO-2 

3.71 3.71 
 10 6
 

13 - 253 1.38 303 303 S 0.61 1-35.68 5.08 10.46 
 10.46 
 17.6 2 1752? 3504 MU6. 46920 46920 702M
 

TOTAL 


48 4204 846% 56,640e5684 5.5 1416324 

UCTC ABR. RESISTANCE I ,V 11kV LINE LOSS FACTOHOURSz 876
PER M PERkMCOST AV a A Lr Voltage R gjulaion
PER 
M a Before VolLae Regulation


PANThe p M (Rs) VOLTAGE PERkVA Rs.RE.TOR COST0.168 6.N22 50 PW113M x Prent Wrth of Cost of VoILae Regulator06 0 0.336 0.008 93679 f2 a Prent Wrth of Cost of LossesCOSTOFLOSSES PERkWH 2.00a i.R I.659 0.006 PW3 a Prmnt Worth of Line Cost54319 
mIR a Pr~wt Worth of Total Cost (PW1+N2.PW3)6 1.336 0.01121

WMIEL v 1.10 0.06112 45661 P ol 
SQUIREL 1.616 0.0145 345 
WEt N 3.231 4.U29 25M9 



TABLE Q2-25D 
VOLTA&WlO.STLCIES BASED OEMlON15TH YEAR DISTRICT OKRA TEr.SIL OK*A 6RID STATION11 kV MIN FEEDER F) . T-*F 1,2,3 

6S-
CASE 0 : WITIOUT RLATOR. AIN LINE :006 ONTHRE SECTIS, RABBIT ONOW iCT10h, 6OPi-& ONOE SECTION ANOhIOL-ONWE S,TION EFcrH LINE : MME NA SECTION,
6CfZ ONCff SECTIC ANDSUIRREL ONONESE.CTION ;, ON:t 

SECTION 

MIN 

DISTANCE SECTION 
KM LOAD kW 

TOTAL 
LOAD 
kv 

C0NMCTOR 
TYF 

SECTION TOTAL TOTAL 
VOLTAGEVOLTAGEVOLTAEE 
Rw DRC 1 

W, AM1 

VOLTAGEVOLTAE 
ATNODERE.LTA 
kV kV 
NR 

VOLTALS 
ATh 

kV 

AVR 

V.LT45E VOLTASE 
RE6 LATR REULATOR 

SIZE COST 

KWA Rs 

'VI 
Rs 

CLFJT 
Ai 

LSSE5 
kv 

(3+2 

LOSSES 
il 

LOSSES 
COST 

N2 
Rs 

LINE 
COST 
Ri 

F,3 
Rs 

TOTAL 
PVC 
Rs 

4- TI 
TI - II 
II - 266 
216  12 
12 - 13 
13 - 254 

TO--I 

11 - 226 

TD-2 

12- 207 

TD-3 
13 - 253 

3 
2 37 
a.87 
1.25 
1.18 
138 

1.25 

1.38 

1.38 

67 17R0 
218 1683 
301 1 65 
4.54 1164 
403 710 
307 307 

218 218 

4.54 4A 

403 403 

D 
0 
0 
R 
6 
' 

A 

6 

S 

2 
152 
045 
0 95 
101 
1.23 

8 79 

0.76 

0.81 

2 
3 52 

t 
4.95 
5.% 
7.19 

3 52A31 

4 95
5.71 

5.966 77 

2 
3 52 

4 
495 
S.% 
7 19 

3.52431 

A95
571 

5 966 77 

I878 
l 62 
le57 
10.47 
10.36 
18.23 

1.54 

18.39 

1 28 

1a76 
186. 
1eS7 
10 47 
10 36 
10.23 

106218.54 

1047
10.39 

103610.2e 

9S6 
31 

& 23 
67 56 
41ES 
1, 24 

12 57 

26.55 

23 82 

294 
2: l 
t 22, 
112! 
8 167 
A-1 

1 914 

38833480 

3 76 

2S78Z 
194 i 
S.5-
931 
714 
38 

1677 

3325 

5157a 
388L 
18%, 
19762 
143U 

77S-

3aS 

60 

&S.50 

UL0 279237 
25&13 L22597 
72667 8979 
131747 67899 
9&387 33,7 
51973 34637 

r223- 31374 

63 -545 

. 4333*6328 

279237 
2597 

80979 
67899 
,337 
34637 

31374 

34 

*921 

62337 
47910 
156 
199649 
138734 
86618 

S3734 

96427 

91253 

TOTAL 
0 91 799i IS562 18.13 658 1922t97 

03OLCTO ABR. 

W HlR P 
M6 0 

1mWT R 
m; 
hi
swUwa S; 
lI.E m 

KSISTANCE 
PER kA 

0.168 
8.336 
0.669 

1.336 
1.10 
1.616 

3.231 

MV 1 11kV LINE 
PER k COSTPER 

kM (Rs
0.00022 133088 
0.OM 93079 
1.065 4319 
0.0121 36735 
4.0112 44691 
0.014S 3409 
0 on% 2BM 

LOSS FACTR HMS: 876 

VOLTAGE RESUATOR COST PER kVA Rs 

COST OFLOSSES PER kW a Rs 200 

00I 

A Al=fter Volg Reqjltion 
: z Before Voltage Regultior 

c Present 6rth of Cost of Voltage RegulatorP2 = Present orth of Cost of Losses 
M aJPrrent Wrth of Line Cost 
PC x Present krth of Total Cct (PiPWr 2.fV3) 



TABLE T2-25E
 

ON26114 YEAOMO.VOLTAGE MW STOIES &ASED DISTRICT (KRA TCSIL C . 6RID STATION 6S-8
11 k MINFEEDS FI . T-*F 1,2,3CASE E : WITHR .1TOR.MIN LIO :00 ONJ1RE SECTIONS, M IT ONONESECTION, 6O ONOfE SECTION PM W ONONE SECTION D LINE :ME ONONESECTION,SECTIONMr ONONE C SUIRffL ONO SECTION. (EXCLUDING 0&M) PF 1.3 

SECTION OISTAC< SECTION TOTAL CMOITOR SECTION TOTAL TOTAL VOLTAGE VOLTAGE OLTA. 1,LT, T VOLTAGE PI U1 a LOSSES LOSSES LOSSES FW2 LINE Mx3 TOTALVOLTAGE ATKM LOAD kW LOAD TY VOLTAGE VOLTAGE AT NODE Rdz.UTION OX)EREL.TOR RaUI.TOR Rs Awl kY k i COST Rs COST R,kW ORwDOP PWCI " % Dw ky kV kV S!Z COST (a.I- Ri Ri.s Rs. 
AV m AA KVA RS 

MAIN 
a 1180% 11.80 
6 - TI 3 66 2248 0 2.56 256 2.56 1072 
TI - II 2.37 280 2162 0 

e 72 127 " 49 113 £3023 86 573648 27M7 273M7 8528771.95 4.51 151 10.51 10 51 
 1250U
XI - 20 1 37 333 3274 64.0 4 M597 L%97 56B87 386 1882 0 062 5.13 -4.36 10,4 1 04 1i.S8 27 10350L 137&5 99 63 8.7a 7626 15252 1819A M979206- X2 1.25 583 14% R 80579 3203111.22 6.35 -3.14 11,3 11.34
12 80 17 15 883 13914 2728 185520 67,99 67899 253419- 13 1.18 518 913 6 13 7.65 -1.84 11.19 11.19
13 - 2S4 1.38 395 395 M 

49 8 11 574 10139 20278 135187 43347 W1.7 17834I 8 9.23 -126 11.01 It 81 218 6 357 SUr9 11138 74253 34 37 3437 1888 
TCD-I
 

II - 2E 1.25 280 280 M 451 4.51 1.511.02 553 5.q 18.4 10.4 16 36 323 281 562 37860 31374 31374 692.54 

TO-2 .... 635 -3.1412 - 207 1.38 583 583 6 11.340.97 7.32 -2.17 11.23 11.23 31.55 5481 81 96%2 E613 5,634 5694 11A707 

TO-3 
... 7.65 -1.84 11.1913 - 2S3 1.38 518 518 S 1.84 8.69 -4.8 11.67 11 87 28.44 5.411 4748 169 20 18120i626 


TOTAL 
137655 143.1 125357 258714 1671426 26647&5ZsU8684 

COV)CTOR - RSISTANCE 11kV VO1 YkVLINE LOSS FACTOR HMURS876 AA After Voltage RegulationPER kM PER kM COST PER 
 M a Before Voltage Regulation
kh (Rs.) VOLTAGE RE91ATOR COSTPM P 

PERkA Rs. 50 PWI Present Worth of Cost of Voltae RegulaLor0.168 0.8OM 133088 PV2 Present Worth of Cost of LossesD06 0 0.336 .008 93079 COST = 2.0OFLOSSES PER kWHRs PW3:Present Worth of Line CostMMIT R 0.659 0.00065 54319 M z Present Worth of Total Cost (PWI1Pd2+sP3)
GOPW 6 1.330 0.14121 36735 
WEU. W 1.10 0.112 48691 
SQUIE 1.616 6.0145 34000 
MOLE m 3.231 0.00290 2509 



TABE 12-2SF 

VOLTAE ORW STUOIES BASEDON2Th YEAR0 . OISTRICT OCRA TEHSIL U GID STATION 6S-81I kV MIN FE Ft .T-F 1,2,3CASE F : WITH AGLUATO.AIN LINE :006 ONTE SECTIONS. ,REAIT E SECTIC, &Cf'e N C#f E.TIC'N W LE CH6CF B ONONESECTIOC SWIFfEM. KCTICN.' . L r8.0&) ,95 
'A UT?- L'I Fa: N X SE- IiN,ONONE 

S'TION DISTANCE SECTION TOTAL CONCTCR SECTI OTOTAL TOTAL VOLTAG VOLTAG OLT V YVOTA I C T LOMVOLT LOSSES LOSSES PW2KM LOAO kW LOAO TYPE LINE PY3 TOTkVOUA6E VITAGE VOLTAGEAT MtOE RULATIN 4. NXE RJLATR RELATC Rs A kw kWH COST Rs. COST Ri PVC-' W S W 1 i01 kV kV kV SIZE COST (3I'2) Rs Rs. Rs.m AYR m AW KVA Rs 

MAIN 

8 -
TI -
1 -

26-
12 -
3 -

TI 
I1 
26 
12 
13 
24 

3 
2.37 
0.87 
1.25 
1.18 
1.38 

93 
30 
420 
64 
S6 
430 

24W6 
23S3 
2M 
1628 
994 
4 

0 
0 
0 
R 
6 
M 

2 79 
2.12 
8 68 
1.32 
1.42 
1 72 

2 79 
4.91 
5 59 
6 91 
8.33 

108 

2 79 
4.91 

-3 
-2.54 
-1.12 

06 

1069 
10.4 
16.39 
11.2 
11.12 

1 .93 

14 

1e 69 
to 46 
11.43 
I 28 
11.12 
10.93 

22 113806 182:6 

13 35 
12, 71 
16 89 
87.71 
S K 
23 51 

58.43 
" 649 
16.98 
19 Oi1 
13892 
7 647 

51219 
39113 
9189 

166S4 
12169 
6699 

12438 6292 
78M2 5215U7 
18218 121463 
33308 22N 3 
2A,33 162253 
13398 832 

279237 
228597 
86979 
67899 
M7 

34637 

279237 
220697 
8979 
6789 
,U7 

3,1637 

962157 
742184 
352722 
289952 
2600 

123957 

TO-I 

II - 226 1.25 30s 36S m 111 
4 91
6.82 

4.91 
682 18.34 10.486

18.1 17.93 3 85. 3412 S293 31374 31374 76867 

TO-2 
2 - 297 1.38 634 6 3 I.6 6 917 97 -2.54

-1.48 11.16 11.28
11.16 34.52 6 561 5747 11494 76627 5694 5 634 127321 

TO-3 
-

13 - 25.31.38 564 5u S 1.13 
8.33 
9 4 

-i.12 
8 .$0 16.99 

1112 
10.99 3119 6 5u 5701 11482 76a13 46920 432a -122933 

TOTAL 
156,-K 17103 1198 29-646 1997639 SE56PA ;6&zA 3.a3613 

CC*4ET ABER SISTtCE l1kV 11kV LINEVDI LOSS FACTOR HOURS= 876 AVR= After Voltage Re.ulatcnPERkA PERkMCOST PER M =Before Voltag RegulaticnkM (Rs,) VOLTAG RGLLUTOR COST PER KVA Rs 500PAWTER p 8.168 880022 133088 FI =Present Wrth ofCost ofVolt Regulator 
006 0 PV2 =Present Worth ofCost of Losses0.336 8.80" 93079 COSTOF LOSSES PER kH =Rs 280 =Present Worth ofRAMIT Line CstR 8.659 0.8066 419 PVC =Prtsent Worth of Total Cost (PWItV2+P)6MGfE 6 1.330 8.0121 36735
WEASEL 9 1.100 0.0102 4591 
SQUIRE3. S 1.616 0.8M145 34800 

m 3.231 8.80290 25899 



C 

TABLE T2- 25G
 

VOLTAGEDROP STUIES 8ASED ON30TH YEARDOW . DISTRICT OARA T IL OKARA GRID STATION 6$-8
11 kV MAIN FEEDE F! .T-OFF 1,2,3

WITH REGL.ATOR. MIN LINE :DOG ON THREE SECTIONS. RABBT ON ONE SECTION, 
 ON OE SECTION AD MO ONEW SECTIONGOPFER ONONE SECTION APO SQUIRL ONK SECTION LINE : L ON ONE SCTION,,(EXCLUDING O&M) 
PF=0.5 

SECTION DISTACE SECTION 
Kh LOAO kW 

TOTAL CONMCTOR 
LOAD 
kw 

SECTION 
VOL.TAGE 
DROI 

TOTX1 
VOLTAGE 
DROP 
BVR 

TOTAL 
VOLTAGE 
DROP I 
AYR 

VOLTAGE VOLTAGE 
AT NDE REGLATION 
kV kV 
BVR 

VOLTAE 
ATNOOE 

kY 
A 

VOLTA E VOLTAGEPV1 
RGLATOR REGULATORRs 

SIZE COST 
KVA Rs 

C1YcF£ff 
A*'s 

LOSSES 
kW 

(3LI'2R) 

LOSSES 
kWH 

LOSSES 
COST 
Rs 

PV2 
Rs 

LINE 
COST 
R. 

Mi3 
Rs 

TOTAL 
PwC 
Rs. 

MIN 

0
8 -
TI -
I1 -
206 
r -
13 -

T! 
XI 
266 
12 
13 
254 

3 
2.37 
087 
1.25 
1.18 
1.38 

161 
33e 
454 
685 
609 
46 

26t3 
2542 
2212 
1758 
1073 
464 M 

0 
0 
D 
R 
6 
I 

3.01 
2.29 
0.73 
1.43 
1.53 
1.86 

3.81 
5.3 
6.03 
7.46 
8.99 

10.85 

3ei 
5.3 

-3.38 
-1.95 
-4.42 

1.44 

19
16.7 
1843 
10.3S 
11.23 
11.66 
1.85 

1 4 

le67 
18 L3 
11.39 
11.23 
11.66 
18.85 

245 12258 162925 

150 53 
148 11 
118 82 
9511 
58.% 
25.99 

68 5n 
52 16 
12.215 
22 369 
16.367 
9135 

60K25 
45%98 
1076 
19595 
1437 
7915 

12w50 
91816 
2140 
3919e 
28674 
1583e 

800333 
612107 
142667 
261267 
19116a 
I05S 

27237 
226597 
88979 
67899 
4,M47 
3LE37 

279237 
229597 
8*979 
67899 
43347 
34537 

17957e 
832704 
386571 
329166 
23L57 
144178 

TO-I 

I1 - 226 
.. 

1.25 336 338 H 1.2 
5.30 
6.5 

5.3 
6.5 18.3 

16.4 
10.3 19.47 4.593 4823 64 &3640 31374 31374 8514 

T0-2 

12 - 207 1.38 685 685 6 1.14 7.46
8.6 -1.96

-0.81 11.1 11.23
11.1 37.5 7.743 6783 13566 90"44 50694 50694 141134 

T0-3 

13 - 253 1.38 60 669 S 1.22 
8.99 
18.21 

-0.12 
98 1093 

11.06 
10.93 33.86 7.67 6719 1346 89687 46929 4692A 13547 

TOTAL 

162925 20.92 176865 352018 
 2346734 &68 8 A 3365_3
 

COM)CTOR ABR. RESISTANCE 
 11kV VDI lkV LINE LOSS FACTOR HOURS = 876 Ai = After Voltae Regulation

PER M PkM COST PER 
 M z Bfore Volt.e Regation

kl (Rs.) VOLTAGEiEULATOR COST PER kVA 
 Rs. 50 I PrMesnt Worth of Cost of VoIta Relator
PAKTHER P 0.16B 0.002 1398 PW2 xPresent Wrth of Cost of Losies
006 0 0.336 0.N38 379 COT O LOSSES PER kWIHaRs. 2.06 13 x Prmnt orth of Line Cost9lT R 0.659 6.06 5319 Cx Preset Worth of Total Cost C(PWVIP2fV3)SPIER 6 i.330 0.46121 373S 
WL v 1.100 1.012 44631 
SQUI E S 1.616 O. S 34M0 
?MNLE l 3.231 0.02 9 
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TALE T2-26A 

DOMw. 
II kV AIN FEEDER . T-OFF 1,2,3 
VOLTAGE DROP STUDIES BASED ONIST YEAR DISTRICT OIMA TEHSIL OKA GRID STATION 6S-8 

Fl
CASEH : WITHOUT REWATOR. MAINLINE :PANTHER ONTHREE ONOtE SECTION, RA68IT ONONESECTIONS, DOG 	 SECTION AND6CPHER ONChE SECTION BRAC LINE : 6OPHER ONTWOSECTIONS ARAMSIT ONOE SECTION. (EXCLUDING O&M) 	 PF a .95 

SECTION DISTANCE SECTION TOTAL COCIXCTOR SECTION TOTAL TOTAL VOLTAGEVOLTAGEVLTA6E VOLTAGE VOLTAGE PwI CF6 T LOSSES LOSSES LOS,.S PW2 LINE Mv3 TOTALkWKM LOAD 	 LOAD TYPE YO.TAGE VOLTAGE VOLTAGEATNODERRJLATIO ATNCCE REGLATOR REULATOR Rs As kV kWH COST Rs COST Rs PVCkW DROPI DROP I kV kVS DROP 	 kV SIZE COST (3LI'2R) Rs Rs. Rs. 
Bm1 AA 	 BVR AVR KVA Rs 

MIN 
o II~ 1180% 
e -
TI -
11 -
26 -
12 -
13 -

TI 
I1 
2i 
I2 
X3 
254 

3 
2.37 
0 87 
1.25 
1.18 
1.38 

1 
33 
4S 
68 
61 
16 

263 
253 
220 
175 
107 
46 

P 
P 
P 
o 
R 
6 

0.17 
0 13 
0.04 
0.08 
8.88 
0.88 

6 17 
e1 

e.34 
042 
8 5 

8.58 

0 17 
e 3 

8.34 
8.42 
8.5 
8.8 

18.98 
18.97 
18.97 
18.96 
10.95 
10.9A 

10 98 
18.97 
10.97 
I.9 
!8.95 
18.94 

14S 
14 2 
1219 

9 7 
s.94 
2.S8 

321 
e 235 
88.5 
e 119 
e.882 
6836 

N 
N 
57 
184 
72 
32 

S62 
412 
Il 
2M 
141 
64 

3747 
2747 
7R 

1387 
96 
427 

399264 
31S419 
115787 
116349 
64A9 
SO9 

39964 
315419 
115787 
11349 

6.4896 
5469 

483012 
318166 
11647 
117736 
6666 
51121 

TO-I 

11 - 226 1.2S 33 33 6 0.05 
0.3 

0.35 
0.3 
e.35 18.96 

18.97 
18.96 1.83 0.817 is u 2 4.59194.5919 46119 

TO-2 

12 - 207 1.38 68 68 R 0.06 
0.42 
8.43 

8.42 
8.48 18 9E 

10.96 
18.95 3.7"7 0.39 34 68 45 74968 7490 75413 

TO-3 

13"- 253 1.38 61 61 6 0.1 
8.50 
0.6 

8.5 
06 18.94 

18.95 
18.94 3.39 6163 55 I1 733 50694 56694 51427 

TOTAL 
8 0.977 856 1712 11414 1233182 1233182 1245% 

CO OUTOR A8A. ESISTANCE lIkV VD%IkV LINE LOSS FACTOR HOURS= 876 AVRa After Voltage RelationPERkM PER kM COSTPER B a Before Voltage Reii.jhtt
km(Rs.) VOLTA& REGLTORCOST kVA Rs. 58pITHER P 6.168 0.0822 1330 	

PER PI z Present Wrth of Cost of Voltage Requlator
PW2a Present Worth of Cost of Losses0 0.336 0.00 93079 COST kH =RsOFLOSES PER 2-0 PW' z Present orth of Line CostMIT R 0.659 0.0805 54319 PVCr Prtent Worth of Totl Cost (PFIPV2+PW3)

Me 6 1.330 0.10121 363

EASEL W 1.100 0.102 *6591.
 

SQUIREI S 1.616 0.0145 300
 
MOLE x 3.231 0. 9 25M 

006 



IP&E T2-26F 

VOLTAGE STUDJIES BASED ON OQWJ DISTRICT OKA TE]SIL (AA 6RID STATION 8S-6oRC 5TH YEAR 
11 kV MAIN FEW FI T-OFF 1,2,3CASEI : WITIt REGAT0F MAIN :PANT G ONThEE SECTICtS, M ONANE RA881T ONOE SECTION At 60i-tE ONC*tSECTION BR LINE ; CO ONTwOSECTIOM

LIfi SECTICN, ANDb8I T O O E SCTI O ( E X C L U IN GO&M ) P= .9 

SCTICN 

MIN 

D.'ST C -SCTICN 
KM LOADkY 

TOTALCC OXTC SETICf 
LOAD RIFE YCLTAE 

kw Du 

TOTAL 
YCLTAEE 
o~c I 

TOTAL L,'LTA-x YLTA 
VGLTASEATK(E F3AT1C06 
w~ i v kvly 
Mv WR 

YCtTA E V itTAEVTA 
"1 NOCEREIUC RJ31TOR 

V SIZE COST 
AYR KVA Rs 

P,;, 
R5 

2,F.ST7 
AQ~ 

Lr-ES 
ki 

(3 -2s 

LOSSES 
+A 

LOSSES 
COST 
R 

FY2 
;s 

LINE 
COST 
Rs. 

M-
R-. 

TOTAL 
PK 
Rs. 

B-
TI-
II -
206 -
12 -
13 -

TO-1 

I1 -

TO-2 

12 -

TO-3 

13 -

TI 
11 
206 
12 
13 
254 

26 

27 

253 

3 
2 37 
e87 
125 
1.18 
1.38 

1.25 

i.38 

1.38 

36 
118 
163 
246 
218 
166 

118 

246 

218 

947 
911 
793 
636 
384 
166 

118 

246 

218 

P 
P 
P 
. 
R 
£ 

8 

R 

6 

0.63 
6.7 
6.15 
e 3 
629 
e29 

6.18 

0.22 

0.36 

66 
1.1 

1.25 
155 
1.84 
2.12 

116 
1.28 

I 
1 77 

1.84
2.2 

6 63 10.93 
1 1 la6 
1 2S 18 
1.5 le 83 
1.84 16 8 
2 12 16 77 

II
1.28 l 8 

SS1 
1.77 18 81 

1 84
2.2 1 76 

1693 
1 88 
186 
1083 
16.8 
le77 

10.88 
16.86 

10,83 
!0.81 

168
10.76 

65 
8;5, 

A43 
36S5 
21 61 
9 37 

66 

1383 

12 31 

4A191 
3 63 

BE" 
1 ,7S 
1 k9' 
e AK 

6 217 

e.522 

8834 

3671 
27a9 
7S7 
13U 
9.S4 
4Z4 

I 

4.57 

731 

7342 4947 
S418 3612e 
151, 1603 
276 184N 
19e8 12720 
84 546 

35 25n 

914 693 

1462 9747 

39926 39?Q284 448211 
31519 31&419 351539 
115787 115787 1258N 
I1634U91139 134749 
64a96 64866 76816 
50634 50694 56A34 

45919 4.5919 48.52 

7490 74960 81853 

50694 6694 604.41 

TOTA e 12,868 11272 22544 154293 12 182 1233182, 138U75 

CONCXTOR 

PF 
006 
MWIT 
6REr 
&S 

SQUIREL 
MOLE 

k.. 

P 

R 
6 
W 
S 

RSISTANCZ 
PER kM 

0 168 
0.336 
0.659 
1.330 
1.1"0 
1.616 
3.231 

11kV V1 
PER kM 

8 0022 
808038 
6 OW605 
0 0121 
06102 

0.6145 
06.290 

ilkV LINE 
COSTPER 
kM (Rs) 
13388 

3079 
54319 
36735 
48591 
300 
2W9 

LOSS FACTOR HMS 876 

VOLTA6E EGU.ATCR COST PER kVA Rs 

COST OF LOSSES PER kM .Rs 26N 

506 

A After Voltage Regliton 
SVR Before Voltage Regilation
PVI Prtent Worth of Cost of Voltage Regulator
PW2 ' Present Worth of Cost of Losses 
P3 Present Worth of Line Cost 
PVC Preuent Worth of Total Cost (PWI+PPW3) 

FLR YNO 999A 1II WI 



TABLE T2- 2.,c 
VOLAG DROPSTI.IES BASEDON10TH YER DOW. DISTRICT OVJ . TEHIL OKM GR1D STATION 6S-8 .11kV MAIN FEDE Fl -OFF 1,2,3CASE 0 : WITHOUT PIN LIE :PANER ON THREE SECTIONS, DOGONONESECTIN,REGLLATOR. MIT ONX SECTION NO 60PER ONONEMeSIT 2Nt* SECTIO4. (IIUOING 0 &m) SECTION. RO LINE : GOFER ONTO SECTION AW 

PF 8.95 
SECTION OISTAtVE 

K,1 
SECTION 
LOAD 

TOTALCONDUCTORSCTION 
LOAD ,YPE VOTAGE 
SDROP I 

TOTA TOTAL VOLTAGE VOLTAGE 
VOLTAGEVOLTAGEATNODEIESULATION 
OP I D I kV kv 
BI 1Y RVR 

VOLTAGEVOLTAGE 
ATNODEF.LATOR 

kV SIZE 
AVR KVA 

VOLTAGE Ni 
EW )R Rs. 

COST 
Rs 

CLU9iT 
Ams 

LOSSES 
kV 

3I'2R) 

LOSSS 
kiW 

LOSSES 
COST 
Rs. 

PV2 
Rs. 

LINE 
COST 
Rs. 

PV3 
Rs 

TOTAL 
PWC 
Rs. 

PIN 

0 -
TI -
I1 -

-
4 -
A'? -

TI 
11 
206 
" 
13 
254 

3 
2 37 
0.87 
I 25 
118 
1 38 

Se 
162 
226 
341 
: 
231 

1315 
125 
1lel 
875 
534 
231 

P 
P 
P 
D 
R 
6 

e87 
e 66 
0.21 
e.42 
e.11 
0.39 

e 67 
1.S3 
1.74 
2 16 
2.57 
2 % 

e 87 
153 I 
174 
2 16 
2.57 
2.96 

10.9 
e 3 
1 81 
10.76 
10 72 
l168 

10.9 
18.83 
16.81 
10.76 
10.72 
10.68 

73.32 
70.98 
61.9 
49.42 
30.27 
13.14 

8.128 
6.618 
1.68 

3.177 
2.138 
0.951 

7120 
5272 
1472 
29S 
1873 
833 

14246 
IeSAI 
29U 
S3% 
346 
1666 

99a3 
71..M 
15627 
3S933 
24973 
11107 

326 
315419 
115787 
11349 

6409 
50694 

531021 
4195e7 
13997 
1547U 
8524 
67423 

6259U 
4M 
173624 
190677 
llMI 
7"3 

TO-I 

11 - 226 12S 16 161 6 0.2S 16.31.78 1531 78 1e8 10.831.8 9.23 A 425 372 744 49a 4g919 61072 66032 

TO-2 

12 - 207 138 341 31I R 0.31 2162.17 2.162 47 1073 10.7610 73 19.31 1.017 891 1782 11890 7496e 99697 11577 

TO-3 

13 - 263 13r 3@3 33 6 5si 2 S73 08 2 S738 le 67 1e.7210 67 17.26 I.64 137 2871 1916e S0594 67423 96583 

TOTAL 
0 2S.071 21965 3 2B66 1236182 1640132 1932998 

CONYXTOR 

PATER 
DOG 
MIT 

GOFIER 

AL3X 

P 
0 
R 
6 

PEISTN< 
PERkm 

0.168 
0.336 
9.659 
1.33 

I1kV VD% 
PER kA 

e 22 
0-."038 
e.00065 
e.0121 

IkV LINE 
COST PEP 
km(PS)
133EM8 
93079 
.319 

373S 

LOSS FACTOR HXMS 876 

VOLTAGR8I.ATO COST PER kVA Ps 

COST OFLOSSES PER kWH = Rs. 2O 

S60-

AA =After Voltage Regulation 
M =Before Voltage Reulation 

Present Worth of Cost of Voltage RegulatorPV2 rPresent Worth of Cost of Loses 
PV3 z Present Wrth of Line Cost 
P z Present Worth of Total Cost (FVI+PN2.3) 

SQUIRE. 
w 

v 
S 
p 

1 10 
1616 
3231 

0.0e102 
0.9eltS 
e.2 

491 
3,00 
2"89 

FLOPPY No .? ql !I 7-"I 0,'1 



TAFU T2- C 

DROPVOLTAGE STLIES BlW.-D ONIeTH YEARDP'2w),4DISTICT C,'APA TENSIL OKA GRID STATION GS-8 
FEEDER11 kV MAIN Fl T-OF 1,2,3

CASEJ : VITUI REULATOR. MAIN :PANTHER ON T~FFE SECTICMS, DOGONONE RABIT SECTION ANDLIE SECTION, ONONE GiER ONONESCTION. RH LINE : GPOER ONTWOSECTIONS AMMWIT ON E SECTION (EXCLtJUMNY -4m) 
PF a0.95 

SECTION DIST4UE SECTION 
K LOADkW 

TOTALCCODX£TORSECTION TOTAL TOTAL VOLTAGEVOLTAGE VOLTAGEVOLTAGEVOLTAGE PVILCD TYPE VOLTAGEVOLTAGEVOLTAGEAT Y REGULLATIONATNODEREULATOR REUATOR Rs 
DROP! DRPf% DROP I kV kV SIZE COST 

RIVP AVR B'v AVR KVA Rs. 

cLm 
PS 

LOSSES 
kV 

(3L1I") 

LOSSES 
kH 

LOSSES 
COST 
Rs. 

FV2 
Rs. 

LINE 
COST 
R. 

PV3 
Rs. 

TOTAL 
P 
Ri. 

MIN 
* 118 1.88 
o -
TI -
II -
206-
12-
13 -

TI 
11 
206 
X2 
X3 
254 

3 
237 

87 
1.25 
118 
1.38 

-0 
164 
226 
341 
3 

231 

131S 
1265 
Iel 
675 
3* 

231 

P 
P 
P 
0 
R 
6 

e.67 
e 6E. 
821 
e 42 
e41 
e39 

e67 
? 

it 
2.16 
257 
2% 

e.67 
I 53 
1 74 
2 16 
257 
2% 

1e.9 
ie 83 
18 61 
I 76 
1e72 
1e6e 

I.9 
183 
18.81 
le76 
i 72 
e.68 

73.32 
7e 98 
61.9 

49 42 
3k27 
13 14 

8 126 
6016 
1.68 

3.077 
2.138 
8 951 

7128 
5272 
1472 
2695 
1873 
833 

14248 
1504 
2944 
538 
3746 
1666 

94933 
7e293 
1%27 
35933 
24973 
11187 

3924 
31U19 
115787 
116349 
649 
58694 

39 
316419 
115787 
I16349 
6 
S0694 

494197 
38S712 
13414 
152282 
8969 
GISH 

l)-I 

II - n6 1 25 16 16A 6 e2S 
1S3
1 78 

1 _e 
176 1e8 

1 3 
ie.6 9.23 8.425 372 7" 4960 919 £5919 54679 

TO-2 

12 - 297 I 38 341 3-! R 8 31 
216 
2 47 

2 16 
2*7 18 73 

18.76
10.73 19.31 1.017 R91 1782 1188 74960 74960 86U9 

TO-3 

13 - 253 1.38 33 3M3 6 8.51 2573.9 25738 le 67 1e.72
18.67 17.26 1.64 I11 2874 1916e 5094 8694 6984 

TOTAL 
25074 2195 393 29286 1233182 1233182 1526 

CPOrTD 

P(KTER 
006 
MIT 

AB,. 

P 
0 
R 
6 

R.SISTkX 
PER kM 

0.168 
0,336 
0.659 
1.334 

!Iky VZ 11kV LIE 
P kLMCOST PEP 

km (pR.) 
e 22 1332 
e 83 93X79 
80865 64319 
e8121 36735 

LOSSFACTOR WS 876 

VLTAGE FM.ATOR COST PER kVA Ps 

COST O LOSSS PER kH -- Rs. 2 N 

0 

A'"RAfter Volte Regulation 
BMP Before Volwge RegJulation 
PVI Present 6trth of Cost of Voltage R,,lator
P2 Present Worth ofCost of Losses 
P'3 :Present Worth of Line Cost 
PVC Present Worth of Totil Ccst (PI+AtVPW3) 

E 
swJFIa 
wL 

S 
m 

1.188 
1.616 
3.231 

88182 46891 
ke.l8* 360 
8.88298 2699 

FLOPPY NO ?FA jIFI6 I 



TABLE T2- 26D 
VOLTAGE ROPSL)IlES BASEDONISTH YEAR DEAkV MAIN11 FEDE FI T-OFF 1.2,3 .DISTRICT W(ARA TEHSIL OKARA GRID STATION 6S-8 
CASE K : VITHT REaUTOR. PAIN LINE :PATHER ONTHREE SECTIONS,RPBIT ON 006 ONONE SECTION, RAE8IT ONONESECTION ANDONE SCTION. (EXCLUDIZ OG&M) 6ChER ONLINSECTION BRANC LINE : GOR{U ON TWO ANDSECTIONS 

PFx095SECTION DISTANCE SECTION TOTAL COOXXTOR SECTION TOTAL TOTAL VOLTAGE VOLTAc-- VOLTA6E VOLTAGELOAD) LOAD WA6E FV1 ClYRENT LOSSES LOSSES LOSSESKh kW TYPE VOLTAGE VOLTAGE VOLTAE ATNODE RELATION AT NOE PV2 LINE :V3 TOTAL8UATOR REaLATOR Rs A&c k k4H COSTkW DOP Rs. COST Rs PC
DROPI DROP% kV kV kV SIZE COST 
 (I'1R) Rs. 
 Rs Rs.
S 
 KvA Rs. 
PAIN
 

6 - TI 3 67 1750 P 1.16 1.16 1.16 1087 
 10.87
TI - 1I 2.37 218 1683 P 0.88 2.04 214 10.77 97 84 14474 12679 2S3,6 16963 3996 399L6 5617
10 77
11 - 206 0.87 381 I,65 P 9 9 lk 773 -370.28 2.32 2.3"21874 2-711 12S827 316419 31SA19 441246206- 12 1.25 454 1164 18 74 2 9 38130 0,55 239 5278
2.87 2.87 10.68 35187 115787 115787 15974
X2 18.68
- 13 1.18 43 710 R 6Z.23 5 S27 48420.54 3.41 3.41 10.62 96%846 0 116349 11639 1ow
10 62
13 - 25 1.38 307 307 6 051 3.92 A 63 3851 3373 6746 9733.92 10.57 16.57 64896 696 1096917&5 I716 152 384 
 2W27 54 
 5694 70721
 
-2 
 U 2


XI - 226 1.25 218 218 
17
 

6 6.33 
 2.37 237 10.73 
 10.73 
 1235 e.761 667 1334 883 L919 
 L919 54812
 
T0-2
T0"-2 


2.87 2.87
12 - 207 1.38 45U 10.644 R 0.41 3.28 3 28 10.64 10.64 
 2593 183A 1607 
 3214 21427 7490 74960 
 96387
 
10-3
 T 0 33 
 .41 3.41
13 - 253 1.38 403 10.62483 6 0.67 4.8 4.08 10.55 10,5 23 21 2 966 2598 5196 2-.54868694 w94 8 

TOTAL 

44.914 393" 78688 524587 1233182 123318 1757769
 

COMDCTOR ABBR. RESISTANCE I1kV 1VZIIkV LINE LOSS FACTOR HM r 876 
PER kM AA a After Voltage RegulationPER kM COST PER 
 M x Before Voltage RegiulationkM kRv) VOLTAGEE6LLATOR COST PER kVA rPMTHER Rs. 50P 1.168 00M 1330w Pi1 mPrtwt Worth of Cost of Voltage Reuawator

006 0 PV2 z Prent Wrth of Cost of Losies0.336 A.0038 93079 COST OFLOSSES PER kY = Rs. 2.00R IT R PW3 , Pment Worth of Lime Cot0.9 0.0W065 U319 
a0FmER 6 

PC z Preent Worth of Total Cost (NlP+P2+PW3)1.330 0.0121 373S
WASEL 9 I.IN 0.0102 40691
SQUIL S 1.616 0.tN15 300 
MOLE m 3.231 0.OM9 2609 



TAR.E T2- 26E 

VOLTAGE Or SlIIES BASEDOON29TH YEAR DOW. DISTRICT OKARA T&rSIL RA GRID STATION ES-8
11 kV MIN FE F1 . T-OF 1,2,3CASE L :WIW RE6,LATO. MIN LINE :P$ANif ON HE SECTIC4-S, DOG SECTION,ONONE RABBIT ONONE SECTION AN)GOE] ONONE SECTION SR40 LINE : GOfR ONTO SECTIONS AND
RABIT ONONE SECTION (EXCLUDNGO=M) 

SECTION DISTACE SECTION TOTAL CaCUT4R SECTION TOTAL TOTAL VOTAG VCLTAE VOLTA6E VO VOLTAG FW1 CtdT LOSSES LOSSES LOSSES mV2 LINE PM3 TOTAL
KM LOAD kW LOAD TPE VOLTAE VOLTAE VOLTA6E ATNDE EL6_TIC14 ATNODE RHLATCR REGL.ATOR Rs Awl kw k w COST R5 COST R. PCkW W I WCPI DRO I kV kV kV SIZE COST (3LII2) Rs Rs. 
m AVR 6MR AY KVA R5 

MAIN
 

I -
TI -
11 -
296-
12 -
13 -

TI 
II 
206 
12 
13 
254 

3 
237 
0.87 
1.25 
1.18 
1.38 

66 
28W 
386 
583 
518 
395 

2248 
2162 
1882 
14% 
913 
395 

P 
P 
P 
0 
R 
6 

148 
1.13 
B 36 
0.71 
A.7 
0.6 

I*8 
2.6! 
2.97 
3.68 
438 
5 W 

1.48 
2.61 
2.97 
3.68 
4.38 
5.84 

1 884 
10.72 
18 68 
10.6 
1813 
10.46 

1084 
I 72 
1068 
1a.6 
I 53 
1046 

13 2a16 
62 i!7942 
01i,9929 

a5 77 52H9 
52 69 6 77 
22 95 2 9 

2:838 
IE717 

"as5 
i2-i 
5674 
24a 

-4:76 2S7 399264 
31431 29564 315419 

MIO 58733 115787 
16240 186267 II349 
11348 7565-36A896 
508 33867 so* 

9 
31S19 
115787 
116349 
64096 
0A 

679771 
524979 
17452 
r22616 
139749 
84561 

TO-I 

II - 226 1.25 28 28 6 0 42 
261 

3.Q 
2.61 
3.03 10 67 

18.72 
10.67 1595 1 269 1112 Mr 1 14827 45919 4919 76046 

TO-2 

12 - 217 1.38 583 583 R .52 
3 68 
4.2 

3,68
4 2 I.S4 

18.6
I.54 33.61 3.82 278 80 36a00 74% 74961 11660 

TO-3 

13 - 253 1.38 518 518 6 8.86 438
5 24 

4,38
5 24 144 18.53

18.44 38 15 5.W5 1384 768 5a.4S35694 50694 1W9147 

TOTAL 
0 74989 659O 1313ei 87S27 12-312 123318 210--49 

CCNUCTOR AB. RSISTANCE 11kV VDt llkV LINE LOSS FACTO HOLS = 876 A =AftrVolta Re ulation
PERkM PER kM COST PER BVR=Before Voltage Rejulation

kM (Rs) VOLTAGE RE6tLATOR COST kVA Rs 50 I=Present Worth of C,"t of Voltage RegulatoPER
PAW1a P 0.168 8822 13380 PW2 =Present Vrlh ofCost ofLosses006 0 0-336 8.038 93879 COST O LOSSES PER kH Rs 2 8 P3 a Present Wrt ofLi CostRABBIT R 0.659 0.00965 54319 PFwa Present Worth of Total Ccit IFI1+'e2t )
sms 6 1.330 8.89121 373-S 
WEASEL w I100ce.812 48591 
SQUIJRRE S 1.616 9.01iS 3400 
MOUCE .i 3.231 0. 29 25099 



TALE T.,2-26F 
VOLTAGE DROP STIDIES SE ON25TH rAR ODEJMDISTRICT 0KAA T&SIL O. &R1O STATION 6S-6
11 kV IIAIN FEEDER FI . T-tFT 1,2,3CASE M : WITWf RELATOR. PAIN LINE :PANTHER )NTHE SECTIOS, O CjNW SECTION. RP IT 06 ON; ECTIO A iO GC C ,E SE'T;ON WC, LIk ' ONTk £CTION"3 fLRA68IT ONON SECTION. (FXCLDIN; O&M)

SECTION CONDXTCDISTACE SECTION TOTAL SECTION OTAL TTAL VO.TAE ,4.T;6 VOLTAYE VOLTkE VOLIAE PilKm LOCl k LOAO TYPE VOLTAGE VOLTAGE VOLTAGE CL .NTLaS.SE LOSS5 LOSSE FV% LINE P,'ATNOCE TOTALRE&tATICq ATNODEK3,ILATF RERLATO Rs ;s i k1 COSTkW DROP DROPI DROP kV R5 COT R5 PIvI k V SI COST (3d2R) R Rs 

MAINR AR m KV, R5 

e -
TI -
XI -
206 -
12 -
13 -

TI 
I 
2, 
12 
X3 
254 

3 
.2 37 
087 
1.25 
118 
138 

93 
305 
428 
634 
5S4 
430 

2146 
2353 
2U8 
1628 
994 
A30 

P 
P 
P 
0 
R 
6 

161 
123 
0.39 
e.77 
e.76 
a.2 

[.61 
284 
3 23 

4 
A 76 
5 18 

161 
2.84 
3 23 

4 
4.76 
5*, 

18K 
1 69 
1 65 
16.57 
18 49 
18 41A41 

82 
10 69 
1865 
le 57 
18 49 

137 3 28 &36 
13J. 77 21 37. 
W6lE, 56 -

53 6 1:69 
S7 59 7 737 
251 3 49 

249% 
1872-
524-
9671 

6778 
3039 

Ai% 33337 399-&4 
374S& 21907 315419 
[6450 69%3 1157:7 
19346 1289'33[[&349
13556 %373 64 a% 
6672 las:7 5664 

3. 
315419 
115787 
116349 
646 
Sa694 

732571 
56 686 
18572 
25282 
154469 
91214 

TO-i 
II 226 

T OI2 
1.25 305 305 6 6.46 

.84 1 

33 
2 .S A 
33 1e64 

10 .6 9 
1.64 1742 1.513 1325 2660 17667 4591 45919 63586 

TO-2 
12 - 287 1.38 634 634 R 8 57 4.57 457 1 l51 18.51 3E.66 3 667 3212 6424 4A*27 749,6 74960 117787 
TO-3 
13 - 2S3 

Tt3 
1.38 564 564 6 894 

.76 
5.7 

4 76 
5 7 18.39 

10.49 
10.39 32.99 S699 525 I85t*o 7a ee S&, 50694 128694 

TOTAL 

0 89 317 784*K 1' le432? 123312I 123182 2276489 

CONDUCTOR A R SISTANCE l1kVVO lkV LINE LOSS FACTOR HOURS 87E
PERkM AW z After Voltage RegulationPERkM COST PER 
z Before oItage RultionkMl(Rs.) VOLTAGEREGULATOR COST1wK P 0.168 0.80022 13308 PER kVA Rs. S0 PI a Present Worth of Cost of Voltage Regulator006 PW2 aPresent Wrth of Cost of Losses0 0.336 0.00 3879 COST FER kWOFLOSSES Rs 200IT R 0.659 P3 z Present Wrth ot Line Cost0.00K, 5319 
x Present Worth ofrmOt=f F'WC Total Cost (PWI+W2+ 3)6 1.330 0.0121 36736 

A.0 IA 1.66102 48591SQUIIREL. S 1.616 0.0145 3"N 
m 3.231 1.* 296 2W09 



TABLET2-26G 
VOLTAGEDIV STUOIES BSED ON 0TH YEAR Oe" DISTRICT OC(ARA TMG IL C A 6RIO STATION S-8
11 kV MIN FEW Fl . T-OFF 1,2,3N ; DIT ECATSE RULATR. MiIN LMNE:PIfr ONTHR1 SECTIC6, 006 ONONESECTION, RAIT CANE SECTION AND6CR ONONESECTION 1feO : 6RLINE ONTO SECTICw AMRABIT ON OESECTION, EXCLUDING C&)P 

SECTION OISTAk SECTION TOTA CO JCTOR SECTION TOTAL TOTAL VOLTAA A VOLTAG VOLAE VOLTAG PI CaEkT LOSSES LOSSESKM LOD kW LOD TYPE LOSSES PV2 LIN M'3 TOTLVOLTA6E VOLTAE V.TAGE AT NOEEI6I..TIC# ATNCOE RIELATO RE5AT Rs N- k k COST RS COST Ri PVCkW D P % COPI DR OP I kV kV V S I Z COST ( 1 1 ;5 RS Rs 
8'TR A 8,., AS'AR KVA Rs 

MIN 

6 -
TI -
I1 -
206-
12 -
13 -

TI 
I! 
206 
X2 
13 
254 

3 
2.37 
887 
1.25 
1.18 
1.38 

11 
336 
454 
685 
609 
6 

2643 
25A2 
2212 
1758 
1073 
44 

P 
P 
P 
0 
R 
6 

1.74 
1.33 
0 42 
.84 

08^2 
077 

I 74 
3 a7 
3 49 
4 33 
5.15 
5.92 

i 74 
307 
3 49 
4 X 
515 
5 92 

10. 81 
10 67 
16.63 
10S4 
t4.5 
18.37 

1081 
1o 67 
10 63 
1S54 
1 LS 
10 37 

148 . 
*478 
16 *.6 
1 l 6 

62 A 
27 19 

33 379 
5 038 
7 412 
129.5 
9 au 
4 071 

2'K4, 
21933 
i143 
11340 
7958 
3566 

S8.Sa : ?.7 
43866 21324 0 
I166 8!07 
22a68 151204 
15916 6107 
7132 7547 

399-.!. 
315419 
115787 
116.349 
&" 
54634 

39T 
31S19 
115787 
116349 
U#% 
541634 

789131 
7759 

197634 
267549 
170203 
98241 

TO-I 

1I  226 1 25 330 33 6 5 
3.07 

3.57 
307 
357 10.62 

18 67 
10 62 18 88 1778 15,9 3116 2-773 45919 L5319 6662 

TO-2 
12 - 207 1.38 6s 685 R 0 61 4.334 94 A4334 94 10.18 1854A1048 39.72 4384 3778 7S48 5 217 74964 745q 125227 

TO-3 

3"- 253 138 M w 6 1 02 
5.15
617 

5 Is
6 17 18.34 1045

10 34 35 79 7053 6178 123.5 82373 5634 5 94 133067 

TOTAL 
0 104 ,,A 91686 183372 1.481 123312 1233182 2L5.5663 

COXTCR A RSIST~a llkV VO% llkV LI'E LOSSFACTO HO(S 876 AR = After Voltag R- uliationPER kM PER kM COST PER SYR = Before Vol4Ge Re.uliaton
km (Rs) VCTAG6ERELATOR COSTPAINTIa PS kYA Rs 5, FI = Present Worth of C"st of Voltae Re-Alatorp a 168 880022 133088 PV2 = Present Wrth of Cost of Lmses0 8336 8M38 93079 COSTO LOSSES PERxH =Rs 2 N P3 PresentW rt of Line CostRABBIT R 8 .59 880065 5319 PVW Present Worth of rotal Cast (ItV2lt-)BOR 6 1330 0.8121 36735 

EASEL W 1.180 S.0102 48591 
SQIRRIL S 1.616 6.0w14 3400 
wICt. x 3-231 0.290 25099 

006 



---------------------- ------------------------------
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TABLE T2-27
 

EVALUATION OF NET PRESENT WORTH OF COST OF 11 kV DISTRIBUTION
 
LINES OF FEEDER FI GRIDOSTATION GS-8, OISTRICT OKARA
 

DESIGN OF CONDUCTOR BASED ON 10TH YEAR DEMAND
 
PROJECT LIFE = IS Years
 

fPRESENT
rA1:, Nsi WORTH OF COSTS. Rs. 

CAPITAL VOLATGE LOSSES CAPITAL + LOSSES TOTAL 
REGULATOR REGULATOR 

2 
3 

65,4 
0 
0 

0 
0 
0 

3,338 
6,473 

12, 374 

744,073 
0 
0 

2,944 
4,395 
1,136 

747,017 
4,895 
8,136 

4 0 0 23, 655 0 13 525 13, 525 
5 

6 
0 
C 

0 
0 

4S,222 
S1196 

0 
0 

22, 483 
22 

22,483 
133 

7 
L 
9 

10 
11 

0 
0 
0 
0 
0 

0 
C 
0 
0 
0 

57, 9S9 
6S,615 
74,283 
84 096
9S 636 

0 
0 
0 
0 
0 

21 ,77 
:1 450 
21 116 
20 787
2 SS6 

21,79 
21,450 
21,116 
20, 787 
20,556 

12 0 C 108,760 0 20 323 20 328 
13 0 0 123,685 0 20,102 20 102 
14 0 0 140,658 0 19,879 19,879 
is 0 0 159,962 0 19,6;8 19,658 

SALVAGE 
VALUE 427,842 0 0 52,79 I 52,579 

------------------------------------------
TOTAL NPV 796,652 259,782 1,056,435 
----------------------------------------

A~T TABT2-27.WKI
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----------------------------------------------------------

TABLE T2-,.
 

EVALUATION OF NET PRESENT WORTH OF COST OF I k DISTRIBUTION 
LINES OF FEEDER Fl GRIDSTATION GS-8, DISTRICT OKARA
 

DESIGN OF CONDUCTOR BASED ON 20TH YEAR DEMAND
 
PROJECT LIFE = 1 Yea's
 

YEAR C1:T R-s PRE'SENT C'RTH F CO'STS Rs 

CAPITAL VOLATGE LOCSSE CAPITAL + LOSSES TOTAL 
REGULATCR REGULATOR 

I 1,233,1,2 
2 0 
3 00 
4 0 
5 C) 
6 C 
7 0 
8 
9 C) 

10 0 
11 0 
1I2 CI) 
13 C(i~ 
14$ 0 
1S 0 

0 
0 

0 
0 
0 
0 
C)0 
0 
C) 
0 

U')I3 

(1 
C 

1 712 
3 261 
6220 
1,34 

22,541 
2,S762 
29,431 

33,6411 
.3,443 
4,930 
49 362 
55 6 

'I 

70 029 
70,63, 

1,072 332 
C 

0 
0 
C) 
C) 
0 
0 
0 

0 
0( 
C0 
C 

1,43'; 
2466 
4,US4 
6,766 

11,20 
II 
11 ,067 
10,397 
10,'. 
O,:3s59 

1,610 
1 , -7 
10, 12. 
9,397 
9,670 

1,073, ,21 
2,466 
4,034, 
6,766 

1i,208 
11,138 
11 067 
10,997 
10, 3 
10,859 

)I0,610 
10,:67 
j0,2 
9,397 
3,670 

SALVAGE 
VALUE 616,591 o 75,776 75 ,776 

TOTAL NPV 1,143,1 131,676 1,279,784
 

AT TABT2-28.WK1
 



-- -- - -- -- -- -- - ------------------------------------- 
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rABLE T2-29
 

EVALUATION OF NET PRESENT WORTH COSTOF OF 33 kV DISTRIEUTIONLINES OF FEEDER Fl GRIOSTATION GS-8, DISTRICT OkARADESIGN OF CONDUCTOR BASED ON YEAR10TH DEMAND 
FROJECT LIFE = 30 Years 

YEAR CiST Rs PRESENT WORTHl OF COSTS. Rs. 

CAFITAL VO.LATGE LOSSES CAPITAL + LOSSES TOTALLGOLATOR REGULATOR 

i ,026,:. 
- -

C0 .376 SO,88 3"7 893,.157 0 , 5440 1 1,375 0 904 044 6 0 -2E2 I I, S '; ,5035 0 0:1 5,024 0 2,49a 24936 
7 

0 
. 

W 5,686 Ci "2,459 2,45.9
0 6,440 0 2,421 ,421

D- , 3, 2, J i,3
'; -254 0 2,.a6 - 346S9,344 
 0 "'310 "310
11 0 10,626 0 2,284 2,28412 0 
 0 12, 084 0 2,259 2,59is c 

1. 
0 13, 742 0 2,23 2233u 15,62G 
 0 2,209 2,209
is ci 0 17,77416 ' 0 2,14 2,1840 19 ,445 0 2,076
17 0 2,0780 21,273 0 1,977 1,9771 l - 1,i27,; C1,i 1,81 !I1i 6 25,461 
 0 1,78' 1,7L9
20i 0 C 27,857


21 0 1,702 1,7020 0 2,868 0 1,534 1,534
C- 0 29, 916', 0 1,382 1,8C C' 31 002 0 1 ,45 1,45
24 ,. 0 

, 
32,127 0 1,122 1,122

C 33,294
2G 0 1 191 ,C11

0 34,-34

27 Ci0 i 

C 90 908
3SSIO 0 31FC16
8, 0 36, 67229 0 7"2 73237,8720 658 653
30 ci 
 0 39,112 
 c0 591 591
 

SALVAGE
 
VALUE 513,411 0 C 
 7,754 
 ti 7,754
 

TOTAL NPV 900,642 4,201 943,933 

AT 
 TABT2-29.WKI 



rABLE T2-30
 

EVALUATION OF NET PRESENT WORTH OF COST OF 3 V DI.TRIE:IITIOIN 
LINES OF FEEDER Fl GRIDSTATION GS-=, DISTRICT OARA 

DESIGN OF CONDUCTOR BASED ON 20TH YEAR DEMAND 
PROJECT LIFE = 30 Ye., 

YEAR ("T R 	 FRESENT WORTIH ,F C-T, Q
 
.-------------------------------------------

CAPIT.I. ''LATGE LOSSES CAPITAL + L0,SSES TOTAL 
REGULATOR REGULATOR 

............
---------------.-------------. 	 .......
 

11 .7' ")t 	 190 1 -" , 73 165 " "" 2 i) C) 	 2 '" 27 

d 

7 0 	 3, '7 7 
3 ,,J'3 (I 111.1 1 

10 , 0 4,1 0 1 .207 1,207 
It 0 o) 51,?1 1 1179 1 17'3; 
1 0 0 6,13K; t,,15 1 1,2 
13.. 6,925 0 1,26 11 26 
14 Q 0 7,731 1) 1,I0 ,100 
Is 0 C) 743 0 1 u74 1'74 
16 
17 

0 
0 

0 
0 

9,637 
10,73 0 

135 
)'-","7 

11)S 
I t 7 

1-$n 0 C1 11,3 'C." 1 961 
19 0 0 1,176 0 926 926 
20 0 C 4,11 , 1 0 :-:? _0 
21 C 0 1S,171 ,:1 0 5"? 
2 0 0 15,65 0 721 723 
2 0 16,212 0 651 651 
240 0 16,709 0 ,.7 587 
25 0l 0 17,387 5,:- 52:3 
26 C' 0 1 7,90 :-: 47" 
27 0 I 1,5 25 -g, 4 c 
23 0i 0 13 0. D12 
29 0 0 19,73 0 .7 30:7 
30 0 0 2C,3,7::4 53:: 

SALVAGE
 
VALUE 739,901 0 11,175) I, .17,
 

TOTAL N7V 1,227,97 74,07, .:022.61
 

AT TABT2- ,).W.I
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TABLE T2-31
 

EVALUATICiN OF NET PRESENT WORTH OF COST OF 3 kV DISTRIBUTION 
LINES OF FEEDER FI GRIOSTATION GS-3, DISTRICT OKARA


DESIGN OF CONDUCTOR BASED ON IOTH YEAR OEMAND, 
PROJECT LIFE = 15 Years 

YEAR CCK:T Rs PRESENT WORTH OF CC'STO Rs. 

CAPITAL. VOLATGE LOSSES CAPITAL + LOSSES TOTAL 
REGULATOR REGULATOR 

- - - - 

2 
1,026,Q,'1 

(] 
0 376 

71' 
;"9 

0 
27 

544 
9,15 

544 

,4 
S 

7 

0 
0' 
0 
G0 
0 

0 

C' 
0 
0 

1 37S 
,L~01 
,24 
S 84 

6,440 

0 

0 
0 
0 

90 
1,1,503 
2,J'.t 
2,459 
2,4G1 

904 
, 0 

",468 
2,419 
"421 

910 
11 

1Is 
14 

i 

:u0 
0' 
i 

,0 
0 

0 
00 
0 
U( 
0 
0 

7 08 
1 i 344 
10 626 
I 2 ,U84 
13 ,742 
lS G28 

00 
0 
Ci 
0 
0 

,3462,310 
"284 
2,25 

2 ,"., 
2,209 

.
, 3462,310 

"',284 
2,)"1'259 
-,2.-.' 
2,209 

15 0 0 17,774 " 2 154 
1 4 

2,184 

SALVAGE 
VALUE 515,411 0 0 63,095 0 63,095 

TOTAL NPV 955, -3,94,"47 

AT TA- 31---I- - - - -



adO:%FSIGN 

ul 1'.''F 
INSCF 

.lE1FT PFZENJT Wl'RTH-,OF. COT OF ::J{'IV. Dni TR 
FEEDER F1 GFRIO'TATILIN GS-RI-rRICT uir 

OF C'HtOUC'TOR PAEDEO'IN 2()T 11 YEAR OFHAP)
I IECT LAFE IS, Ye~5 

PU O 

CAPTAL IJLATGE 

T~EGUL~u'r 

L CI SS ES' CAPI TiAi +7LC'*lF-

~REGULATORF 
T''TP1 

a~aa ja~ 

I1 L47q 

aa 

St 

( 0362 

1' O 1;'2:r7i 3 79 S 

a3 

-

.. 74 

4 Cl ,15 

0~~~ 

S 

11 1,0~d5 

7 S 

7 

10 

12 

5 

q~ 

14 

C 

Ci0 

~ 

Ii~~~~~~ 

0 

0 

C 

C)0 

3, 272" 

739,)1 

4, 273c 

ENOb Ii 

S4 

6 36 

6,6'25 99U 

7781 

3743 

~U 
0b~ 

011 

0 

t, 

~1
tv 

11 

1 1 

1 , muI 

1 C) 7 

~ 

I 

~ 

1 :07 

179 

I ,l 1s" 

1, 1 12,h 

. 

1 ,7A 

a 

a ~~ALV~AGEa 
VALUE 7 9~9 n90, 9:1 10 i1;aajaa 

a a-

4~~~~~S 
TiOTAI, 

'' 
V 

'':361F.,.. 

- -a--

, 7 

- - - 

7'--a;at AaG. 
al 

AT TAPT2-32. aaaala 

Aa~aa 
1 ;.~ a a 



DESIGN STUDIES OF DISTRIBUTION TRANSFORkMRS
 



ANNEX T3 

DESIGN STUDIES OF DISTRIBUTION TRANSFORMERS
 

SCOPE
 

A number of studies were carried out to examine the influence of 
review of the presert VIAPDA transformer standards on overall
 
costs. These studies a.so included design of Low cost three phase 
and :ninie phase transformer- capacity :, 0 A 10 kVA, 15 k<A 
, 2, dV slightly higher )sses.k A with 


2 ",P I
 

Present VAPDA Standards 

The bills of quantities and cost estimates of the present VAPDA 
Sta;i(ard .hree phase, transfor-mers (25 k0A to 630 k/A) are given
in Tabile I-1. 

-ow 'ost 'ansfor.ers 

The bills of quantities and cost estimat.s of low cost, three
 
phase transformers of sizes 5 kVA to 630 &VA 
 are given in Table
 
T3--2. 

The bills of quantities and coy. Lotimates of low cost single
phase transformers of sizes 5 kVA to 50 kVA are given in Table 
T3-3. 

3 DIFFERENT DESIGNS
 

A number of different designs of three phase transformers of
 
sizes 5 kVA to 75 kVA were studied and cost comparisons made.
 
The bills of quantities and cost comparisons are given in
 
Tables T3-1 and T3-5. 

Detailed analysis of factors affecting transformer design and
 
costs is presentei separatelty in this Annex,
 

4 CONCLUSIONS
 

Transformer losses have a significant impact on transformer
 
costs. Single 
phase transformers are subsantially cheaper tcin
 
three phase transformers. Slightly higher loss transformers
 
should be evaluated to determine optimum loss level with
 
reference to the economic cost of electricty supply.
 

REMPRT8.ANX (F/517)
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A~NNEX To3
 
TRANSFORMER DESIGN
 

At. Present, the Pakis'tanj, riianufact.urers *are rianufacturing 110 i.Pole i'iu-unt.ej distributioji trarsforer .ation tV
to 200 kVA for is.


V 
in 

rural areas, P a orm,riounted t.ransIoriers of sizes 40F~f a nd G.--. k arE" 
also being r'anufact.ured lcaclly. 

The e.ist.ing W^POA trainsforr ers 
for rural electri
following~ characteristics,____ 

*Ratings 2 SO5,100 and 200 INA 
Voltage rat.ic' : 1/415 kV 
Tappings 2 - S - 7 q 

: Connect.,ion vect.or., group' OYI I 
I.I..c..Pper losses Iron Wloss Copper loss 

. .. ' : - 10 ,," "V!!
2S. VA. 121 ",50u175 1,170) 
- 200" 4953,41
 

iriiedance 4%
 
Re Li t.i,-n at. rat.ed 
loadi and uity facto""ir
 ' 


- 25 Is,VVA 

- 5 C) 2.4 %
 

200 
 2.1 Z
 

Tap chan,ers
 

The evit in-I WAP0A standards specify a t.ap changer with .5 tapPositions. In practice the tap changer is seldom used. In fact, the tapchan'ger is sofe. ie a source of failure because of looset-he contact.s'I t. may be a better solution t-o have transformers with voltage rati11/0.-a0 instead of 11/0.41.S which is equivalent t.o. about .SY fix .
I'/0 1t;"ae regulation and savings in the cost of tap' changer., The KarachiElectric. PPI' Company 'have already int-r,duced t-his Itvol. age-- rat.io
 
(i E. 11,10.420 kV) in their syste-..
 

Teriper'at.ureRise 
af,,otefipeatuIn theient the rise, lwedd+°°oId days, temperature rfr: ( c degree

le. eu
windings,. With ,the advancements in' mt.erials 

dr forabient t ........ was 40 C degree for ;olib and C 

t.echnt.'1!gy', 't-h 

international standards (IEC-76, GGS-171, 
YDE-70532, A$:A- C S7. 1I h-Ve
 
a IIow ed, 'for ambients of SO C degree, a-temperature rise "'f .5 r degree

' in oil and 55 C degree in winding. 

akng into_- account. the difference in amubient. t-efflper ture' 1(1.
diegree. an increase of .5C degree in winding~,t~e aur wilring lie ~~' .....

WAPD,St.andard a.t pai' with t-he liknatina sL'n,.,-aethe al'lowable :teiea-r rise Will result. in ab Lit h redUcti' 1inT
the co:st of t-l~ansformers. 

' ' ' ~ ' ' ~ ' i " ' 
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mer 	 -eltaiT 
Coppe7,' .dlta 

o d
TI connections
Amer 	ca, 


nupbe 	of turnsA pecr rouis e tedto 0:77 Lie nth
 

connect nedinduings:.jutjin phas.3 transf?.i:s + i 
X-secti on s n ei aseonne tedwindint is r.0 edu tie r 57 .. conncte.'s t ed 

.. 


K fType 

4' 

'.;.44$. . 

Q4
 

. .. windings, -

Using these connections it is possible t.,:, go into small sizesup to 5 kVA, ? phase, With delta winding the sayX-section becomes s: smallthat it. becomes very difficult t.o manufacture windings, Further, the 
produc Lion is reduced and as d resul t the .pric'e is increased, 

The advantage of Delta Connected winding is 't.hat, due to closedcircuit., it reduces 
 the effect of harmonics, particularly the dharronic . Since .t.he distribution transfcormers' are manufactured at a verylow-- flux density. They do not. produce appreciable harmonics in the.circuit. Hence,' without any-fear star/star 'or star/zigzag windinig

connections can bie used,
 

Efficiency at full loadi = (output) /(output + losses) X1O0 

- 25 kVA 
.50 " 

' !A O 'a L: 

100 
' 

200 " 

. :if cooling
*Type' of. tank

Ambient temperature 
" Temperature rise 

Winding 

Bird Protectiin 


W .S0 C 

:.T.. .1. 
Maj.r items which affect the cost of transfirmers are 1) copperw (2) silicon 'sheet, (:3) insulation material, (4)i transformerwind ing, 	

' 
'oil, 
 (5)mild steel, sheet; (6)ell'iptical tubes. fior' coo:ling, M'7HT. and-~bushings, .LT. miscellaneous material, paintin(G) tapchanger and (9) 

etc, Of 'the 'to:tal manufac'turing' cost, 'the mate'ri'al 'alone accounts f.':r


4boUt 71'i of 	 the t.otal cost, The remaining 291 of the cost covers (1)

laboiur, (2) o:verheads and, (3) p~rof its of the manufacturers., Generally;
the labour, 'overheads and profit vary 'between 25% (for.thnIsfi'rrrs" oft~"
s i<z 2007 6:30 MkA),,:., ;Q 40% (for 't ransformers oif si 1 00 V 	) of 


...............
1.4 .% :..... .. . ....- ... t'P S f ~iriie; ' ; 4.4.4.-the cost f 

97.04 Z 
97.38 Z
 .	 . 7 . 
97.72 %

98.08 % 

: 	 ON AN (Oii Nat.ural, Air Natural)

Sealed
 

: .50 	 C 
'-

Epoxy raisin coating on top cover 

$I•4 

1 
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-The dist.ribution of cost of 
material for a typIcal 25 kVA 
 3-phas

distribution transformer currently being used by 
 FAPQA is as follows:
 

Copper windings including insulation 3 1 


Silicon sheet. 
 26
 

Transfo:rrer o-i 
 I1.S
 

Bushings and tap changer 
 10.7 7. 

St eel sheet including

elliptical tube 
 6.1 ,
 

Miscellanecus 
 3a ;'
 

100.0 7,
 

lo:p-pe r weig,ht --.. cppe wejht --- -- ----------
The copper weight in the transformer is inversely proportional tQthe allowable copper losses. As an example, for 
a 2S kVA t.ransformer,
the copper weight variation with the losses is 
as under;
 

Copper Losses Copper Weight 

W 1. Kg
 

Design I 
(Standard WAPDA) 
 640 100.0 
 47 100
 
Design 2 
 341 131.4 
 26.S 56.4

Design 3 853 133.3 27.0 57.
 

As ray be seen about 3:31 increase in copper losses can 
 result in
about 42.,' reduction in the copper weight.. Keeping in view 
 the high
cost of peak 
 power in the WAPF'DA syst.em and the 
 l:ad factor of the
custo.,,ers in the rural sestem, the :,pt.irmal design of the transformer
should be determined by comparing the present worth of cost savings in
cheaper transf,,rmers 
 and the extra cost. o-f losses.
 

As an exar,ple, the case of 
a 25 kYA standard WAPOA transformer
be e.:ar,ined The capital cost of 
can
 

a standard transformer is estimated at
about 14,38:4 rupees, to maintain 640 W copper losses. In case, the
copper losses are increased by 226 W, the cost of 
transformer can be
reduced about 11,554 rupees. The cost saving in
t: capital investment
 per tiransf:,rmer can Lie about 333.5 rupees or 
aLout 22.M4. The additi:,nalcopper losses at. an annual 
load factor of about 25 
 result in aboutkWh energy losses per year. At 
4S
 

the 
the same time, the installed capacity ofgenerat.ion and transmissi:n system will also be increased by 
 about
14S '4 and 190 W respectively In economic terms, the ecnromi c cost benefit analysis is not in favour of the cheaper t.ransformers, as given


below:
 



Captalinvstent :in trasfome "'' ,R
 

Adiap tiol capitalforie...
 

. ....... 	 '. ,, s :
AP 	 4 4 2 '"'.'' ::. P- -4: '440. 

[transm,"ission (0,1'90::[iii} (i0,000( , Fs :x 	 '.5: 


,.ft f4t'..' - 7 U "" 	 .N , n 4' :.'., ' 	 .
 

Net, losses
 

aPresent wvthrof nth in neris 33'r ... 0 -6170
0-er0.. 


Based o:n .the abo:ve evaluation meth,:dology, the .-case. for :cheaper
transfrers wit.h highertalc s< cannot be ade. However, if the- . 
evaluation methodology takes int, account the introduction of load 
management in ruralonareas(especially for certain of 

: - such, as tubewells), the case for cheaper transformers for all cu~stom,'ersl, ;.;;;;iii

1010, can accept, dis-connection during ekhus becom'es qut
 

.,,>•different. In fact,-in many cases, the cheaper transformers cnmk
 
;
good economic sense. The entire evaluation methodology for iicomparing''; 

different levels: of losses and corresponding cost :savings, needs to :be ;:/?' 
' ~exam ined very carefully. An alternative evaluation Ca be; as folow: .. ; 

Present. wor th ofNtNPee 	 =-300sWG:333-S0-30 


:, PWB =3;,330,Rs.
 
• 	 ~~Add ::,::itional1cost. 

Generation & transmission capacity 	 .
m:. 


+
: '. ~~(Lo:adrmanaguement, imrpl em'ented) '. 	 " '
 

Energy lossesion;ccsnnetirUS kWh 0.61duringe pnea hours, s. queWbaho ca losaccept : 300 Rs becohes 
(.,:ff-peak,energy) ....---.: ... . .---- 
....... ~~~PW 	 S00 Rs .:.,: :,
30 -


Netbenefit.
 

different++% levels++?"¢of' losses'+:+::;,;"--++'+"andcorespndng ostsavng ned ++to ++ + N
'+ " 	 ,<,,+. "+be 


above 	 JitThe...... anailyis show'si thatL in~irural :systemls wher.e £i s posibleas onn the boe s durin 	 . fr ci- to
peakhous, ith cae 
i ce itrh Th beaenHowe bf pahertnsforrgiehformer conclusi :nn 
exeri..ene wi rul atres(p isal for cran fai ure iofloa 

st.ms ad the theoie ca lif ttransforme rs custorsfor al 


ondIiffer 0 . n asct, ippose yas, cape l...sfor.erscan oakely
.n the 


sense.-	 forgood economic The entire vauat:.on :ethodologycomparing,,
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 f HT und*
 

turps;,,
Ii; LT aindinjs. Generally, when th~ copper weight increase~~
sheet t.he silicon sheet weight isdecreased, The 4price' U.~. ~ru'jr~~
and copp&r is nearly 6f sihc'~n ~
equal for an economical d~si~n
t.ransfc.rrcger U,~
122 
_

~~.~ThansFormer-c.4-and-rg,ii'i-s teeI--tubes-----
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Wit increased losses.,44 
an increase in surface area is required> For'>'
L':'w loss transformers, the requirement cf transformer oil and mild steelI tubes for ccc'l in*j isreduced. 
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~TABLE T3-1 
STPNARO THE ME TRASFORMERS. BILL OF QUAITIES AN ESTIMATES OF COST 

-
 -

- - - -

-RATE-- -- -------------- -- - --

A. BILL LF GUPNJITIES Rs. 2 iS 50 kYA 100 UA 200 k7A
::"'--' "i t7--.....T kA 400 2A 30 kVATrans--oreSRIP1 -- I.NI, 'T.0Lo IT NIao7T O ... N.TI TES6 L2 0 2L TITIS CO sr .C
10 ::S
1,Copper weight Kg 100 47 SIR2 10 2 30 
; 

.Silicon2 sheet. Kg 40 63 110 17o 300 UOS 72S
 
3.Insulation materiai 
 I S.0 5.0 S.0 5.0 5.0 S.0 
4.Transtormer oil Gallon 75 16 25 
 42 65 Ito 145
 
S.Mild steel sheet Kg 11 40 61 96 
 146 246 409 
6.Elliptical tube "44

M 12.75 20 30 48 73 1213 204 
7.11 kV bushing No. 175 3 3 3 3 
 3
 

8.LV oushing No, 0 4 4 4 4 4 
9.- Tap changer No. 200 1 ' . 1 1 1 

10, hiscellaneous 200,400 1 1 , I . I I . 
I'.Total weight Kg 
 1S0 425 670 
 1020 1900 2860
 
12 Copper losses 
 640 1170 -020 
 340 S600 81s0
 
13. iron loses 
 .. 123 U7S 310 
 495 92S 13s0 
: HAERI L'!O.S........... . .
 ....
8. IATERIALCS(Rs,)
 ..... .
1.-,,oe 4400 14700 5800 6800 3308200 13000 20 02 ,:}22000 9000;: 

i.
Slicone sheet 2760 4400 6800 .12000 '202003. Insulation 
 235 290 
 410 650 1100 1650
4,Transformer oil 
 1200 1875 ,15 4875 8 5 10875S.Eltial tubee 440 671 1056 1606 27G6 44996.Slte l 25b5 3837. I kV bushin' -11 931 1568 20I. 2s 525 52S . 25 525 ;8.LV bushing
9. Tap changer 2%00 200 2100 p200 200 2400200 o200 -200 1.00 1.ooX ,00

10. Miscellaneous 
v 

0 00 200. 00 100 100 

Total mterial 


1071S 14S44 21353 -. 34 57149 $29350 V 
Lab~jjM and overheas 4S6~ 5818 8541 8597>, 14287 07 .3 
Total cost 15001 20^62 29894 4 934 714116 1038 

Filename ;casel,wki F /662 thNN 
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WALET3-2 
LO, COST T}EEE Ffk% rRWNMCRS, BILL Cf:UANTITIES ANO ESTIITES OF COST 

-
 -----------------. . .. ...-----. -----------------------------

A.RATE------
 -

n5 SkVA 10 k)A 15kYA 240kVA 25 kYA 5O kvA 100 kVA *00 4.A200 <yA 630 kVA 

A BILL c TI11TIES
 
..................
 

I.CcpN rveight 100 1 13 13 213 26 36 61 103 17ill 4 
2. Silicone . ,0 20 ?;7 43 58 65 123 207 us .$5 S2 
3.Insulation material 
 1 5.0 50 5.0 S.0 50 S .0 5.0 5.0 5.0 ;.0 
I Transforwer oil 'aIlon 75 7 2 ;3S 10.0 10. 15 22iI1 37.0 62.0 104.0 1460
 
5. lild steel sheet 
 11 Z?5 32.0 34.0 41.1 S9.0
33.3 52.8 i5O.0 252.0 !Z4.0
 

6.Elliptical tube .1 
 12.75 
 0.46 0 9. 0 60 0.8 13.10 37.S0 64.00 10.00 12.00 2-6.C 
7. 11kY bushing No. 175 3 3 3
3 3 3 3 3
3 i3 

38LV bushijng No, so A 4 1 4 4 4 4 4 4 1t 
9.Tap changer No. 
 200 1 1 1 1
1 1 1 I i 

lo fliscellanemu 200,400 1 1 1 1 1 1 1 1 1 
11.coper losses w 189 408 51 719 866 1163 1956 320 553 7779 

Q2.Iron losses 1 45 75 
 q 106 132. 243 409 6 1157 1727 
B. MATERIAL COST (Fs.)
 

1.(,Per 1100 1300 2,00 301800 2600 6100A. Silicone sheet 10300 17300 24....880 1480 1720 2320 26003.Insulation 492 820 ,,320 23400 32"0S . 6S 90 115 130 180 305 S 865
4.Transformer oil 1215540 38 750 780 113 1658 . Steel sheet 2775 4650 7800 109SO
 
51. 79 01650 2772 3 94,
 

6.Elliptical tube
7.11 0 ushi 525 
7 

525
.2 

525 55 
81 ..137 . 21 226411,525 .
8.LV bshing 525 525. 5.5 . S252s

200 -100 200 100 2 200 003.Tap chanSer 200 
20 202 2 2 0 . 0 1000 00 20,isa10 00. '00000 200 200. 400 400 .400' 

4031 5967 8N2 12546 8 5783 
Lab and oerheads 1612 27 2 ,19877 31 ,018 815, 8434 1,946 19 457 

Total tater ial . 4967 7067 -S 20, 3737 77 8 

--.......- - .-..-...- ---- - - - - - -. .- - - -- -.--- - - - --..'ot.a1
cost 
 S643 6954 8214 ?9894115;9-------- -----
17564 2=52. 421171 697219 97285 

rilenaffe. ae-.I F /662 v4iN 
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TALE 3-3 

LCJ CCT SIi'GLE PHASE TRSFCP'MERE $ ILL F "UATITIES AND ESTIMTES CF COST 

......... N .:1T UNIT iL L 0 F A T T E C/ ST 
RATE 
Rs 5 A 0 !'"A ISK'OA S k2 SOkVA 

A BILL CF IUATITiE, 

1,CpN r K I00 6.5 11 1S 13 A" 26 
2 Silicone .neit 40 22 31

LIj 39
1,41 ,.,9 

94 

3. Insulat.ion laterial 
(of : atove.,

4 Transforter oil Gallon 

100 

75 

5 

6 

5 

8 

5 

10 

5 

13 I 

S 

24 

S.Mild st.eei sheet Kg 11 25 30 36 41 45 50 

6.Elliptical tube M 12.75 0 0 10 20 30 50 

S11kV bushing No. 175 2) 22 

8.LVbushinr, No. 50 2 2 2 2 2 2 

9.Tap charer No 200 1 1 1 1 1 1 

10. Copper losses w 197 3O 480 603 725 1170 

11. Iron losses 4 38 55 70 3 105 170 

8. COST (Rs 

1.CNer 
2.Silicone sheet 
3. Insulation 
4 Transformer oil 
5.Mild st.el sheet 
6.Elliptical tube 
7.11 kV bushing 
8.LV bushing 
9.Tap changer 

10. Miscellaneous 

Rs. 
Rs. 
Rs. 
Rs. 
Rs. 
Rs. 
Rs. 
Rs. 
Rs. 
Rs. 

6S0 
80 
33 

450 
275 
0 

350 
100 
200 
200 

1100 
1240 
S5 

600 
K30 
0 

350 
100 
200 
2.00 

1500 
1560 

75 
750 
336 
123 
350 
100 
200 
2.00 

1?00 
1960 

3s 
97; 
451 
255 
150 
to0 
100 
200 

2200 
2320 
110 

1125 
495 
333 
350 
100 
200 
200 

3600 
3760 
10 

1800 
550 
6.38 
150 
100 
200 
200 

Total material Rs. 3138 4175 5259 6486 7483 11373 
--- - --Labour and overheads 

(Q401 Of iateriaP 
Rs. 1255 -------1670 -------2104 ---2594 2993 4551 

--------- ---- --- ------------------------
---

Total cost, Rs. 4393 5845 7363 9080 10476 15929 

FilEnaie est.icost.,dkl F / 662 MINN
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44 XRIPT1IGN NIT .11 T VA 19 Ki04v 

rslg fI
1 c~ , m- I 2' 4 . ,2 1 2 }23 : : 3 ] ; : . 3j. 7' " 4-4 RILL OF 'XMfITIE3 

cppr vtg t 
 I "A . '33 ;323 ;73
2 Silicons ,t '; : 
.2~*3 :3:2. 7-4 . 2toS 7 7 :1 2 : "0 
 t! : -3:
I Inuato awaeri i -iiTranslorwr ". 7 32
22 7 3? ;? 3), ; , 3 .33 2
mifld t I r. t 3 * aD 41 2 ; o 32 2 :t 3 1 S A 7 : 4 4- ). 4si Elliptul t. e ,'S 16 1)3, ) 44i 122
j 48 43; "' 

3133 L't J ,rur :, 4 4 1T 4 4 4 4 4 4I a cm&nqe -3 .) 
4 4 4 4 • 4 14 1, 

.10 Copper losses 
 3.3 133 3?5 i.:0 3) ;S6 23 233 ?S
:Q ' 
 77'6:7 3::: : :I Ironlosses 41 I45 2 33 434 .35 33 "i ., : 77 2 5:" 2:
 
cis Es9 T,
 S ;5 

i .,c r 
 -. 21 ,Irn }:- "60 :o, :7:-i) r : ;2." :2:3) :'; : ,. :2..., '" .;" :.44O4.32:, '; ,.:a,:P 7* :iih e a ( -i .- 040 10 0c 3r 340,'3) 5'0 020 12% i3 i.22:.',774.0 .4A,3 : ; ,,) ::t o ;,.:723 4.(f, 2::5 
;*nsulatin slemrni -, " 13 0 541 . 0 0 ,S "s -. 7) " :i ransforter  3 43 65 7 'I C3 .) z3.-'r--Usl ild steel V -S 213 "24 .

"; £ilittca1,l 46 33 733 757 7I'
5t , -s: " : 333 25 S3" 147' IS',"l34 . 7 3. 441'LA424<. 3 7' Ay 2 
7 Ikv touing 3"5 325 25 25 525 325 525 525 52S 525 32S 
 2S 2 .25 
2.S .25 325 TS 525S
3Lv .. 
 >0 2% 27.3 27"3 *. 2SC.O2 2 >o : :0 'A-,):> : 2' 2 ::,322.3 ZYN>Tap cN.(lru si 1)), V, 0 '00 M0 Y.A0 Yy"j :,A0 1,0 200 Yo :00 ) IA M.0 00 2w 10
icl lnem -1 Cx~)23 33o :0020l2o 2% Co 1.041) IN
IN m Y .10 002IN 'N 10 m 

lt-al aai14093 4041 4172 4091 5.519 5068 4.59 4621 M.2 U80) 4957 S000 5492 552 Q238 594.5 5897 6669 6561 
Lau I overro :s ;6.7161616631"3L 22 1300M02 1551 1729 1792 33 2000 2137 2210 2'S35 2378 29 26 2624 
(e50%ofMLeriaI1
 

Tota cost 20 557 58.l5727 7727 70956509 6478 6OA9 6272 6340 7000 7,&89'73 S873 3323 32S6 3331 9185 

I cow Losses s 4.5 ?3 ?S 3.32104711211152 lOS : 2 :'6117?7177019)7:-4721, 24972501"019 2194 
2 IroniC e 's '13 7^3 31 323 341 3s .164.016 >34 ,"263 3,14 ;,279:37 249 :737 57 1542 2137 13972 
Total cost 15 16161765t761IKq 1919 2116 212 Z3262M30 '1017019 %)4 2^6 127S 4004 404. 41I6 1091 1 

-- ~ -.-----
-


3 ;3Ei.N ,RTH 

; it 'I
,, .'st 
 7521754 ;76)761710277 3436 -6,7'616:04s324, -22)-310) P."6 :,.2l :.-l :107):,',3 2216 "In( lw , 3 2413 
.. ..
 

104201077311767 11710 il537 1313314107;116) 3'333 2"327 2323)1507 -'773 ,973 2.-S?)2.333 253032701 27273 7 
------------------------.--------
7.)tl ------1'041 -. tCst 19237 9?53619357Z,64. :629 227642776 2.52 2 
 ?0.3 77519 0251,1.."I 2713. r4
.1.6.3 40125 J. 

------------.---- .. - -. . ..... - -- . ..-- ----- I-.-- -.-- - - -

Pile Puw: CaWs 656i /STSiMIL 
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IMfPAR[ISON 'OF OIFFERENr DESIG'NS O hE ~ ~ ,C,. 0 ,THE PHASE TRANSFOERS OF S.?IS57S kVA 
NO'. IT OESCIPT' 

33 

k3l"- LL OF jAU11TTIS

2 Silicon -it, do '65 z65 65' 67 91 88 373,Insulation material (Iof 1) 5 5 5 
85 166v 148S141 1S 5 5 S 5~ntrrj G 7S
1. IS.9 
 15.4 15,1 15,1 13 . 14 1Z~ 1,SI',7S.~Mild stelh 144.07 4 04841O 

67 2S 17,41,65 4S.$7 45.89 44.7 44;.92 E,8,2 SS.19' A6 lliptlcait tube Ni 12. 5 19.34 19. 4 17 18,q7 32.8 34.3 33.67.11' 2.4 S~18 ,.42''E0.04~ 61kV'bUs ,Jing N40 175 '3 3 33 3 3 3 -3 3 'RLY buhing No,. 4sQ 4~ 4,A 4 -4 4A .1 4~ 19,Tap changer No,, '0 4 . , 

10. Copper losses 
1 1 1 1 1K[ 1 1' I 'i 1
v .841 853 S66 841,11, Iron, losses< ' 

997- 1Q43, 1085 1114 1ES9 1683>I 7K 171118' 128. 132 129 167 1S6 154 151 ,3 69 24 
8. COST ESTIMATE , , 

.CTP er 
 ' 26S0 2Y0 2590 '2600 3220 3370 3300, 33804-ilicon shetA S.5320$ 
'Rs' 

7OW 5110 %61Rs. 2600 2600. 2600'3.Insulation mater'al 21680 :3640 3520 3480 p3400 '6610, 5920 56*0 536Rs. 3 35 3 130 161 '169 165 "169~. A, 'Transforwe oil '28~-2S6 6 2Rs, 1193 1155 1133 1148 1035S.'lMild steel sheet 1050 1013 1028 2003 194-8 1943' 191Rs. 485 4%&. 42 -M5- S0S 505 ,492 '4936.Elliptical tube 641 607 602 5~9,Rs. 24 4,244 24 41
7. 11 kV bushinrg R 2 2 
47'A428 439 704 745 766 782 525 525 525 525~ 52S 2 2. LV bushing' Rs' '20 

S5 5 
9. Tap chaner Rs, 

200 200 204000 20 20 0 206002010. 0tMiscellaneous. Rs. 
200 200 2000 20 20,20 '200 '20 12 

A.0 N00 204" 2 20000 200 200 200 2001.00 . .20440-------- e--e-e---------------------

Total material Rs. 8433 8419 8274 8382,10104 10176 10003 1004C-- ------------ 16111 15691, 15662 1569'
-------.------------.------.------.-.

7----
-Labwur &overhead Rs. 013733368 3310 3353 404"~ 4970 4001 '"4014(40%0 of Material) . , .' 

6444 6276 6265 2 
' 

" ""V 
' 

-

Total cost.' Rs 
---

110 18 I8 13 44 44,4004iI404L'25' 21967,2'"l9217 219 
V'- ~~C.,COST OF LOSS$ES 

', ' 

-Rs' 
 -3684 

IC;cPer Losses , 3736 p'3793 3684L '467 4SS4752~4879 '6021073 

,~£, 
7674 78-iossesRi'ron 243 21243 2313' 2260 "2926 

, 

i2733" 2698 646 S"6i1'ir 46 43 
- -
Toal"'cost;, 

- -Tot 
- -- - - --- - - - ----

S2759'"'<~- 66 -


---

5979 59A72 75 72511 2-QS114
293. 7201 75 5S191"4 
-- -

12I
11
 

- -
-
 -


-
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-----------------------------

'PTAT designed shortened WAPDA HT 
 prestressed concrete
 
pole. 'i17 ft. heighl, 700 kg weight
 

Case 2 Low (ust Supports. Maximum allowable Spans
 

Pole Q Low cost prestressed -oncrete pole 29,5 ft. height, 391 
kg weight 

10 
 Low cost prestressed concrete pole 29,5 ft. 
 height, 470

kg weigLt
 

11 Low cost prestressed concrete pole 26.2 ft. 
height, 317
 
kg weight
 

12 
 Low cost prestressed concrete pole. 26.2 ft. 
 height., 364
 
kg weight
 

13 Low cost prestressed ccncrete pole. 24.6 ft. height, 265
 
kg weight
 

14 
 Low cost prestressed concrete pole.24,6 ft. 
 height, 310
 
kg weight
 

Case 3 
 Standard WAPDA Practice. 440 ft. Span for HT and
 

220 ft. for LT 
 . .... 

Pole 3 WAPDA standard steel lattice pole for HT 
& composite

IIlies
 

6 :VAPDA standard steel lattice pole for LT
 

COST ESTIMATES
 

The following distribution costs have been 
summarised 
 in this
 
Annex.
 

Three phase 11 
kV line (Table T4-1)

Single phase i1 kV line 
 (Table T4-2)

Thre: phase 0.4 kV line (Table T4-3)

Single Phase 0.23 kV 
line (Table T4-4)

Three phase composite line (Table 4-5)
11/0.4 kV three phase distribution transformers (Table T4--6)
33/0.4 kV three phase distribution transformers (Table T4-7)
 

REMPRT7.ANX (F/517)
 



AREI - T4
C=T ESTIXATES OF DI TRIBUTIO" KATERIAL AI) CONSTRUCTION 

LIST OF TA3LES 

Table T.-. Cost of construction per im of three phase 1i kV line 

2 Cost of construction p-er ku of single phase 11 kU line 

:') Cost of construction per 1 of three phase 0.4 kV line 

4 Cost of construction per- ka of single phase 0.23 kV line 

5 Cost of construction per " of three phase 11/0.4 kV 
composite line LT horizontal fo-mation 

6 11/0.4 kV three phase and single phase transformers 

7 33/0.4 kV three phase and single phase transformers 

REMPR.ANX (F,5I7)
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TPAE 	 N4-1 

MflT OF (RqTRTr9yIO.i PER 0.- (F THRE v 

0 E S IRi 
 io-i 


FLE FCLECE K :CLE 'rLE ;OLE PCLE, FCLE FOLE FCIM CtE. 

oi~ucrR~XE ------------------------------------------------------------------------------------------
..........................
 

a.Case I Ztandalrd VAPDA3,upports 4512'7 V^91 -313 924203) 	 '7?5Sq
3.CaSe 2 Lc~Cost Sucports 59 98c.Case 3 Existing VAPDAPractice 55916 334 ~ 

2. QUIFFEL COIJOICTOR 
.. ..................
 
a.Case I Standard VAPDA Sucports 51380N S376 51663 39657 35370 1692.t.Case 2Low Cost Supoortsc Case 3 Existing 'dPFDA Practice 63,b,, £7166 41 	 30~ 50 67 
K->3O-ER CONOCt7-I 

a. Cas- I .3tandard WP.PDA $u--orts 54116 z,7'11 86 32
5-43329
b.CasO2 Low Cost Suomorts 
c,Cave 3 E):isting V*AFDAFract.:ce 664'3491 

31 '7 36735 37711 412Q();0 
44 	 , , ~!,,, i i '', ,,::ii % : , , c! i4 ~ ii, , :k !i !,i !:4. 	 kkqI. CODUCTOR ; , : !i > ::: : i : ': ! ! i' =i -: ->! i !'~ ! ~~ii!i i 

iiii !i , - ~ 3~ ii!!3: > 34 i! .......	 ?~~i > ! i i ii , ;i!: ?
l~...... * 
% 	 < : ,~! !ii~ ),i !i :r' , ,.., 

a.Case I Standard MAPA 5uwports 	
IIii 

57971 62S67 5825q4 k624 4232 42-8K
b,Case 2 Low Cost Supports ' ' 'i ' iii~% ii :ii~i~i i iii ii <i :i.	 4?sg1i ii! ~ ii ii~i~i~li '' :i i i i!:' : ii! 	 1, 42992 41596'i i i! ! i ii i ii 	 !'~i i l2 # : i 4 i'!!. ::, i i ': .iii.!ii~' !L-4- 43064 4.5161* !iC,!Case 3 Existinrg WAPDA!!! iPracticei ! ~! !~ ! ! i 702I79 :i i:!:! i ii i i iiS ii i i ::~~i: ii iii i iii i	 S3757 !, ~~ - ~S i'! 	 ~ ' £ : '~i-i!iiL?' I!, !L i A i:: i : ' ,:,ii! > 	 A',-K.-k -~ ::Li ! 	 ! :'- ,, i ,':: !, ; i~!,,: : i' i :: i!! i', : ,!~ ~ ii~ii': 

-- - 3 
. . .. . . .. ..


-j3 	 3--3 1........3 9. ...... 
 ... . .. ........
a. Case I Standard VAPDA Supports..... ..... I VI 	 ...... A, 7I72363 S-8 71979 	 3,tS~ s 7 i11 	 7I6005;4 59272 53221	 : :h.Case ' :Low Cost Supports : gCL 3, '4C~ ' L .:> , 	
E; 602,30 54.319 572245AN" " 334L; =:c.Case 3 Existing IJAPDA Practice 	 : :83 , :1 0,3157 ::K {" 6663531	 :31 :34 

, ,.. .. 3 :4 

6. DOGCONDUCTOR 
; I. . ..- .. . . . . . . .. .K.. . . . . . . . .I 3.... . . . . . . . .a, 1kCase I Standard A upports IS 	

g a .. . . .. . , : 1 QSS 1030 944765 	
:: 4 1 3: 10113, 10112S..

III{{ ':" ... 	 .S,.Case: 2{ ,;Lov Cost Supports,. : ' : . : : : {, : : I 	
:?: . - 4 : :, 0'23) -958302 ''C.Case 3 E.\ist,ing UAPDA Practice. 117571 	

?556 ;: -)73 '> 967,'O
1111042
 

4-7 PAN4THERCODUCTOIR 
.... ............
 

a. Case I Standard VJAPDASucports 162111' 2013147 154790 1tl7 '6 147121 147013l
 
.. 
b. 

.
Case 
. 

2 
. 

Lvi 
. 

Cost Supoirtg
° -	 411 311 413biO £bb--34.. 


31 .Ic.Case 3 Existing VAPDA Practice 151376 - 14$8;4 . . .. . . . . . .. . 33'. ...	 1 


%:. 

C14..)09 33HT 

P3a3 i-49113-13n343I 	


- Vl 34<3a -!,l1l, 	
- 

o3 	 1:.:1311 l ' 1,qob 3qd 

- 3 -5- I i', 4 341 4 .-~4 1 
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________IO (E OFTK;EE PHASE 11W.LINE 

0rE SC p T*I~t COST Rs, ~a o-

. .... v~ , 0-a.R I' a..., .a,, .. ... . .
:T I 0 N ! ,' , . .:.. 
 ..... .........
. ." .. ........ ....... .........
;OLE- CU2 
 COEtEFCLE FILE. XtE 
 KfLE 

Case It FaadYiFA~~ 

a.Case I oAFum;rts 1751S :1440S 167,S 147857 160183 160073
b. Case 2 Cow CostSup orts .20 
 1. ,513 16 8 5 14 ,82.. S.7 14614)
c Case 3 Existin, V}FA Practice 1644"i 
- l0r1.
 ................
 
C'SERY COIJOUCTOR
 

a-., Cae I..ar'ar F
,J=FOA $Lorts 0S245, _476,4 197506 
 17S9K, 188052 1 2
b,Case 2 . n. t $I 6rt.sol 1371.80 I
1$0612::84855 t7S,47 l$21O3 

.
 .cCase 3 E.istnr 'JAPOA Practice 

17...7 176033
 

0; E "H".111 
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TAELE T4-2 
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------------------------ ------------------

Sr0E ^3CR I P~ I0I *--------------- __OTs 

F .E r- PLF-E P'-LE .OLE .OLE; .LE .OLEPC.E POLE F'.LE F. 
---- - -- - ----------------- ... . ... :0 ,-10 ': 127r, - U, ; , 

------------------------------------------------------------

a. as\1Stndrd'.~F~u~ort 178b.Case 2 Lv Cost 9umorts 
c Cs 3 Existing IJAFOAPractice 51417 

:7E9 9SI 3475 2q6 

337859 
251 

35 

2:,' , RREL CONOUCTORI.................. 

:: : 'r:: ' 

aC ISandard UWOA SupportsCaseZ Low Cost S orts 
c.'Case ": E'x stin vwm Practice 

44471 4443 
6-:$40076. 

16391 3;210 2.3546
00b, 5,.)S 

- 7764 - 2.431 

GOPHER CL UCTOR 

a Case I standard ' OAFOASupports
b. Case 2 Lov Cost s$ports 
c.Case 3 Existing UAPOA Practice 

J493S 43175 

58421 

44929 33763 

41899 

29841 29S04 
2.6 9 58 .. 

4 EkASELCONOUCTOR 
a. Case I 
b. Case 2 
C,Case 3 

Standard V OAPDSupports 
Low Cost Spports 
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60992-
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3 1 3 36 32r'I 
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b. Case 2 
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. .. . 3 4074
4074S23 

45098
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AA04 
. 

6. OOG CONDUCTOR 
................. 
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b Case 2 Low Cost Supports ; 
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.
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AA, 0 6 3R 
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b Case 2 Low Cost Sucports 
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83 
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MT 

rA&ETU-3 

CGNSinRICTINFER IM(IF'W4EE FH.E iA L: 

FOILEFC.. 
3 4 

FOLE 
5 

PC(E 
6 

POLE 
7 

C.OST-RS-1 

Fl iE 
i 

PL 
10 

OE 
I 

PL 
2 

.E 
1 

Fl 
14 

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

aC5IStandard '.AFOA Supprts 
- Vertical forma ion 
- HorizontaI formation 

67256 
67133 

705a93121 
58530 40323 

-3052 
40267 

b,Case 2 Low CosL Su.,rts 
- Vertical formation 

- . - orizontaI formaLtion 
"3 

c~C s3,ExstngVA Practice 
" Verucal fcriiation 81300 44514 

3*32: .6045
.?60 5 : 6346375 

630. 
,6716736?742 :36771 

'0: 

.:%'6 

AI CrCC4JOLNCTOR 

a.Case I Standard "APOA Supports 

:! ::; ::i: : . . . 

- Vertical formation 

- Horizontal formation 

b.Case 2 Low CosLSupports 
. . .- V e rt i cal fo rmati on 

- Horizontal formation 
oriontal 

cc. Case 3 Existing Practice 

-Vertical formation 

$6&52 

87220 

89915 

77855 

62447 

590 

62378 

58973 

56274 S8,81 669 71051 
Somai5501755740 57702 

'APOA 

. ": 
%109:106 

"6899 5910 

3.IASP ca'jUCTro 
. . ............ 

I. CaseI tandard ,IFQA ucorts 

7-
- v.erical ,rQ.i-n 

Horizontal tovostjon 

,CaseZ Lov CostFu ports 

Horzontal formation ) T 

14053 

15.3117 
130731 104460 
12 140(1111 

104405 
11103 

0l : 107466S 1U5-6 l"325 414... 

c %aseJ Exiirg:'AFDA Practice 

Vetia Vr-ol 
035 

MrLIt 



-(1ST (f CCTRCT1C PER (l1 TWEE PHASE 0,4 U Lilk 

5r. 0 E CRC I P T1N COST Rs,0 
Prjl FfLE Pru PLEP WI P -OE FCLE KE KE KE;EE Fk 

4 CIER COC IUTCE 

-. a.Case I Staodard 'JAPVA U;Crrs 

Case 2 Lcoi Cst'Sup.rts
 

-Verionta foratin 
 20S3 198926 207M2 258203476 ,,,4657
I~or~z~'W Ior05876 0278.89 080 6 70S091 20 1 

c CAte 3 Exctn V F ractlcE
 

i formation
''rtical 1.17E,^)2(103 
-------------------------------------. 


- - -

C Mk E X '.



-TAM 
 :T4-45
 

COST CF 	 CONSTRUCTION PER 0I OFSINGLE PHASE 023 kV LURE 

------------------------------------------------------- - ------------------------	 I 

SrD2~CR P 0~ COST Rs.
 
..- KU______ _ -_ -,'(:E-- F3M-i
7: :f63I-,) : 

.......... TR.... . . ... 

~.CAss 	 I Stadard VAPDA cLr~,rts
 

-VeCrtical formation 
 S. 1 S47a 11 04 
-	 Horizonta,aormatn , 46590 26.61 	 126911 

b Case 	 4- Low Cost Swrts 

- etia r~to-* , rizontb[ formation 	 J~ 26776 K1114 37247 ',q(02 A,"27 	 .3718 ,C97 2,k1,I : 6 

* 	 c CAse 3 Existing-L'AFOA Practice
 

: Vertical rormalion 
 6582 	 371-6
 

ANT CONDUCTOR
 

*a Case I Standard VAPOA
Supports 
formitionHOrintail 6480 68141 40673 i(,0'4 	 formation 
 54571 	 56253 
 36624 	 36574
 

rCase 2 Low Cost S orts
 

- vorticil formtion 
 34432 	 ,1360 4M18 7113 81- Horizori~ta formation 33357 	 33381 3388 35c86O 34923 371 

c.Case 	3 Existing APiOA
Practice
 

-Vertical 
formation 
 79245 K 45859 
;'.............
 

VASP CLtOCO
 

A Case I StArndard VAFOA SupportE
 

- Verticail f.r ,iton 
 qS216 .- 49 61031 61012
 
-Klrizontal (.,ration 
 S6121 76661 E788,5S732
 

CCase L' L:v Cost Support;" 

£e aI Isc5 1 4 	 407 . 6..7'l)S I,0I ; 

:A~e 3 E"sting 'IAFOA Pr ctice 

~~bLT '-ill 

'V: -

' ! : { I f " " ,. :. f " ; ; -" " ' s . . j ' J'> i f 

• 	 :,:;;;.:t::?7,sg:7;;:s.,.:D: ''<t/, .<,7/+' ', :,7:7 : '.: ,:<z '-p:2. ' 
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-- ------------- 

---------. /-----------------------------------------------. TABLE T4-&7. r-----'. 
 W -J------------------------------; 

A 1 ,,~COST OF CONSTRUCTION PER kMl
OF SINGLE PHASE ~2 ' 

.".. . . : , i; ' ,, " ':: : i¢ . .. .', _ .. . .. ... 
rrM PF'A.E CrM. 'r,'E FrL.E FKAI PCLE KU(L ?CLE F(LE FMt 

_ _ -__ -- - - - - - - -- - - - -

Cae 1 St nd; rd oVA' rt4 Su 

- Vertical Ifriation 15h ~ 39 . 100 O3
frizontal (f 


bCase 2Lov C.;st Sur Is
 

o. iration
 

I04633 10 41S 112557 117007 "11310 
1$21

Horizotal lormation 
 103,q14 105700 1.05321 I0S7;,' 104241 1Q('A
 

c-Case 3 Existing UAPOA Practice 

" .ertical formation 
 147473 
 115087
 

. 
A] 

--- -•---------------,--------------
 -
 -
 -Z--.
 

" CQMCDOE' , 
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i ;; ; ' B.i: :i ,'i., .! ,Q -. .27 P 

COST OF CONSTRUCTION PER km OFJTHREE PHASE 11/0, 4kV -OIELh 
LT HORIZOITk FC'RATIMN 

0 ES iCR1 i i:!!i ,] ¢ T TCOST 

POLE
3 

POLE
4 

POLE
5 

FOLE
6 

POLE 

- -------------------------------------- ---------------------------------------- ---
(, T &JIRREC(~tUCTGR 

a.Case I .Stadard AA Supports 
bCase 2 Low Cost Supports 

M,NT &GOPHER CONOVCTOR. 

a'Case I Standard VAPOA Supports 
h' : Cost.... ] 

S RASBITYA~SP CONOUCTCR 
. . . ..


a,Case I Standard 'JAPDA Supports 


.. . .3... ....... 


b.Case 2' Low Cost Supports
 

4. CHAFER& h0DO NUCTORA. 
................. 
 . .a.Case I Standard VAPA Sp.ports 

Case? L~ Cst Sppots146969 

..... 

95754 112720 102545 76793 00772 

114540 150896 124606 ?65922 103530 
.uppo.rt5 L..... 

201"019 2662466 19:626 16'.,679
124897 


. . . . ..362424 445459 34804S 30827 33753 

Rs
 

POLE' POLE POLE P(iE F(A. E 1'A.E8 9~j II3 

17118 
q462? 74169 q"70O $79 13?4- 14T 

103442 
iw(y. 110871 I I4/+I1bI5R j6 

. . .... 
1314753
 

191723 17331S 18271 1723131 '97'2r
L971' 

....... 
 .. .. . . ..337340 . ' 

322810 .14257 314679 34921~5 

, . 

MIL:CU COM 'I 
i'i:11i::;!::1i: :! :!]:!i11 i ;'11i i::i' 1 : :L:,):i~ii!:!.1]']1i! 111[i:1i~i~ii]1!i;iii: ii~iiii]:,ii! -i:- ::iii;]iii!/:'!!i!¢d i'1'O 
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TABLE T4-6
 

11/0.4 kV THREE PHASE ANO SINGLE PHASE rRASNGSF
RS
 

NO CESCRIPTION 

COST Rs
 

A ; TRMSFORECOSOST5 k"' 10 is................ 20 :5 50
, s: j;00
 
----

o ";..-; -

I Case 1 $tandrad 4AFOA -Phase 
2 Case 2 Low Cost. 3-Phase 
3.Case 3 Low .ost i-hase 

;641 
439.3 

6154 
5145 

3214 
7363 

189d 
3OSO 

15001 

iis?9 
10476 

0362 

17S64 
15929 

.989 

31532 
4 2-4 

411 

71, 

3 SUS/T1ON ROSTPs 

1.Case 1.Stancrao 4.A 3-Phase 
2,Case 2. o Cost 3-hase 
3 Case 3 Low Cost. I-Fhase 

200 
2100 

2500 
2100 

2500 
2100 

2500 
2100 

4025 
2500 
21CC 

40O5 
2500 
2100 

755 
5692 
4100 

7525 
5692 
1100 

7SZ5 
Sf9 
4100 

C. TRANSFORMER & $(UIFSTATIGN COST Rs 

1.Cage I Standrdd 'OA 3-Phase 
2, Case 2 Low Cost 3-hase 
3.Case 3 Low Cost. I-Phase 

8143 
6493 

9454 
794S 

10714 
9463 

12394 
11180 

19026 

14099 
1276 

24387 

200 
18029 

37419 

34224 

50509 

47863 

7861 

75421 

0. LAM6C & OVERHEADS (026%1 

I Case I Standrad VFOA 3-Phase 
2.Case 2.Low Cost 3-Phase 
3.Case 3 Low Cost 1-Fhase 

2117 
1688 

2458 
2066 

2786 
2460 

3222 

2907 

4947 
3666 

3270 

6341 
5217 
4688 

9729 
8898 

13132 
12444 

20530 
19609 

E TOTAL COST ;s 

I Cse I S 
L.Cse 2. 

a~ 
Cost 

AFOA 3-FhAse 
3.h-Phase 10260 11912 13500 15616 

23973 
17765 

20723 
252-

47143 
32 

62"64 
60307 

?.41 
95020 

Case . L,.wCost I-Fhase 3181 10011 11923 14087 IS846 22717 

I----------------------------

o-. . .. .. . ...... .... .. ..... .... ... .. . .. .. .. ..... .. . .. ... .. ..... .. .. . .... . . .. . . 
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ABLE W-7 

7-- -7-_7 

?3/ ".4 ~ H 
-

PHASEJO INGLE PIASSE TRANSFORNERS 

-S ------ - -v---v -----


15 zo 

A. StI8SFORMEnS COST Rs, 7 
2 

1.Case 1.Standrad VPOA 3-Phase 

142200S1 
 ~I 0 ~~I~7
' Case 2.Low Cost 3-Phase '1062l26 61112262 2S79 2625 8107 59775 107154
3.Case 3,Lo',
Cost. I-Phase 729 9322022051 2425 2672 22SASS30 
 43~,
 

1,Case 1.Standrad IPWOA 3-Phase4267 

-- j ;0
2 Case 2.Low Cost. 3-Phase 1195 15678 5 18?-02 12 142 107135, 1 '
 3Cate 3.'
Low Cost 1-Phase 2'05 
 1157 1386 1633 18622 7 1 '. 

ICase I.Standrad APA '3-Phase2.Case 2.Low Cost 3-Phase- I326 13750 7904 305 S5731 7456 121$'5, 41855 57
156 2193 8042 146 164
0% 2 1.i
3.Case 3,' Low Cost I-Phase, 9236 
 11523613916 16733 .1167 
 17691-4
 

E _TOTAL COST Rs,. 


'K'1 ~a1 , RSandrad UAPDA 3-Phase 


.~aa 4
- 4Case 2 Low -Cost 3-Phase 14917 361341 17110 71336 - 393147270 Q19. ;., 1760t 20182 

'-

,23622 27114. 1~
44.4 

39331 6b60 41'' it ?11'-Iq
44'~ Low Cost. r," 1121493Case 3.- I-Pn se'' I79" '41148 1 4 3 

-227s,44~
 

147D4 
----- 92--44'-N- - ---- ----- ---- 344- I-- ----- ----
-
-
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STANDARDS, SPECIFICATIONS AND COST OPTIMIZATION. 
CASE STUDIES 
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ANNEX - T5
 

STANDARDS, SPECi[FCAF[ONS AND OST OPTIMISAT[ON
 

,3CO PE 

A number of case studies ;.ere carried out to examine :ne 
influence of design standards, specifications and other measures 
on costs. Primar ily, the following areas were covered: 

Poles
 
HT conductors
 
LT distribution
 
Transformers
 
HT versus LT
 
Single phase versus t~ree phase
 

2 POLES
 

Detailed study of 
 different pole options is presented in a
 
separate Report 
entitled "Design Study of Distribution Pole
 
Opt!ons". The recommended span lengths for different types of

poles are given in Annex Ti. The costs of distribution lines

using different poles are given in
a report entitled "Detailed
 
Analysis of Cost of Distribution Construction". The impact of

low cost poles was studied on different lines using WAPDA's
 
existing practice (i.e.existing spans) and improved practice

(ie allowable spans). These studies are given in Table T5-1 and

T5-2. 
 The maximum cost saving (w.rt steel lattice structures)

in the case of an average tubewell and village are as follows:-


XAX. COST SAVINGS
 

Existing Improved
 
Practice Practice
 

Average Tubewell a3% 28A
 
Average Village 39% 40%
 

HT CONDUCTORS
 

The introduction of low cost conductor (mole" for a typical

tubewell and a group of tubewells and villages was tudied for
 
both three phase (Table T5-3) and single phase 
 :p:ns 7Table
 
'5-4). the results are summarised below:-


REMPRIF5.A:ix ,F/51')
 



---- ---------------------------------

---- ---------------------------------

---- --------------------------------

CAPITAL COST SAVINGS wr.t
 

EXISTING PRACTICE
 

Three Phase Three Phase Main
 
Lines & Single Phase
Branches
 

Average Tubewell 
 62% 
 60%
 
Group of Tubewell and
 
Villages 
 46% 6%
 

The use 
 of cheaper conductors can result insubstantial cost
 
savings both iai 
 terms of capital and net present worth,
 

4 LT DISTRIBUTION
 

A case study of bare conductors versus insulated conductors

(Table T5-5) indicated that about 18% investment in capital can
be saved through introduction of insulated conductors 
 in LT
 
distribution invillages.
 

Another 
 case study (Table T5-6) examined the potential of cost
savings through conversion of independent service cables to
multi-service mains. About Rs. 
 170 per service can be saved by
introduction of this method of connecton.
 

5 DISTRIBUTION TRANSFORMERS
 

Detailed 
design studies of distribution transformers are given

inAnnex T3. Two applications of low cost design of transformers
 
were studied as follows:
 

Cost savings due to slightly higher loss 25 kVA and 50 
 kVA
 
transformers (Table T5-7)

Cost savings due to smaller transformer sizes (Table T5-8)
 

The first study indicates that whereas the net savings in terms
of present worth are negligible, the cost savings incapital can

be of the order 13% and 22% for 25 kVA and 50 kVA 
 high loss
 
transformers.
 

The cost savings in terms of capacity savings may range from Rs.
5,000 to Rs. 10,000 per customer if the current waste of

transformer capacity can be avoided.
 

THREE PHASE AND SINGLE PHASE HT VERSUS THREE PHASE LT
 

Two cases, namely three phase HT vs. 
Three phase LT (Table T5-9)

and single phase HT vs. three phase LT 
 (Table T5-10, were

studied for electrificaton 
 of 5, 10 and 15 iP tubewelis for
irrigation. The estimated cost savings in capital 
 cost are
 
summarised below:-


REJPRT5.ANX (F/517)
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--------------------------------

CAPITAL M-.7T ,.AINGI -i 

3 Phase HT I-Phase HT
 
Vs. VS.


3-Phase LT '-Phase LT
 

5 HP Tubeweli 
 20.4 
 28.5

10 HP Tubewell 
 12.1 
 12.5
 
15 HP Tubewell 
 30.0 
 23.6
 

The savings 
in terms of net present worth of capital, 0 & X{and
 
losses are even greater.
 

REXPRT5. IX (F/517)
 



CI - T5
S'rAKDA-RD SPECIF[CATIOS ABD COST OPTIXIZATIOH. CASE STUD[ESLIST OF "TABLES 

Table T5-t: 	Case Studies for Technical Analysis

Existing VAPDA structures and existing span lengths 
vs. low
cost structures (LC) 
 and maximum 	allowable spans
 

>2: 	 Case Studies for Technical AnalysisExisting VAPDA 
structures and 
maximum allowable
lengths vs. 
low cost structures (LCS) and maximum 
span
 

allowable
 
spans 

3: 	Case Studies for Technical Analysis

Existing WAPDA conductors for three phase UIT 
 and existing
practice vs. low 
 cost conductor for three 
 phase HT and
voltage reg-ulators
 

4: 	Case studies for Technical Analysis

Existing VAPDA conductors for three phase HT 
 and existing
practice vs. 
 low cost conductor for single phase HT and

voltage regulators
 

5: 	Case Studies for Technical Analysis

Existing VAPDA bare conductors for three phase 
and single
phase LT 	 line and 
 service cables 
vs. insulated 
 LT
conductors along the wall for a typical village
 

6! 	Case Studies for Technical Analysis
Existing VAPDA 
service connections 
for single phase
customers through independent LT service cables vs. singlephase cable 	mains along the wall for a typical LT line span
for 10 single phase customers
 

7: 
Case Studies for Technical Analysis

Standard 
VAPDA 25 and 50 kVA, 11/0.4 kV transformers with
existing loss standard vs. low cost 
 transformers (LCT) with

slightly higher losses 

8: 	Case Studies for Technical Analysis

Standard VAPDA 25 kVA and 50 kVA 11/0.4 kV transformers
smaller transformers 	 vs.for tubewells for irrigation (TV) andsmall Industry (SI) 

9: 
Case Studies for Technical Analysis

Three phase 	ITvs. 
LT 	for tubewell electrification
 

10: Single phase HT vs. three 
phase LT 
 for tubewell

electri fication 

RE2PR.ANX (F/517)
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------------------------------------------------------------------------------------

------------------------------------------------------------------------------------

--------------------------------------------------------- ----------------------------

------------------------------------------------------------------------------------

TABLE T5-1
 

:; Istlng '4POA structures and exsting-span-lengths 
s l,3w cost structures (LOS) and maximum ailowaole spans 

NO. DECRIPTION .JNI7 '1)' COST Rs COST SAVING COST SAVING
 
SL PSC
 

WAFOA ' AFDA LOS R
:L PSC
 

PER 

1 	Gopner 
 ki I 1Y 66a 49901 3675 29603 5 13l.2. 	 Rabbit 26I 00 :3_-17 6635 54313 38 S 12 1 i:.3. OoX 	 I )0 117571 101184 ?3079 2443 21 
 7363 . 

E 1-HA':E 11 - LINES 

1 Gopner 1.0 58421 41899 26999 31422 54 14900 36
2. Raoit 
 1 O0 69577 53055 39538 300.39 43 13517 25
3 	 Do 1 3') 92519 75997 2480 30039 32 13517 18 

C uT LNES F-ER Ln 

1. nat 	 " 1 00 81900 49514 36940 44952 55 12566
2. Ant 1.00 101226 68840 56274 44952 	

25
 
44 12566 18
3. Wasp 	 " 1 00 142042 109657 100931 41111 29 8726 8 

0. I-PHASE LT LINES PER km
 

1. Gnat 
 1.00 69582 37196 24769 44813 1242764 	 33
2. Ant 
 1.00 79245 46859 34432 44813 57 12427 27
3. wasp 
 ' 1.00 99653 67268 56335 43318 1093343 	 16
 

E. AVERAGE VILLAGE
 
I 	 3-phase LT line
 

'jasp :on,]uCtor 03.25 35511 
 27414 25233 10278 2 2131 8 

2. 	 I-Phase LT line
 
a Gnat ) 40 2733 14878 3908 17525 64 4970 
o Ant " 1.00 79245 46859 34432 	 57 

33
 
44813 12427 27
 

" 0 60 53732 40361 33801 5991 4.3 6560 16
 

2(2381 123512 113374 3?O07 .9 ,613S 2,.
 

3-PhaeOog .~ne 

" I 00 117571 101048 93079 24492 21 7963 8
0 	 ao i,50 41579 .3318 2716 . 14419 35 6158 1i 
'c5 33212r 24951 18K:68 14E-144 45 b658.3 26 

'ub-total 192>24 159317 138607 5.3755 23 2071) 13
 
: -----------------------------------------------------------------------------------
Total 

o-0 -  ... 6.... ... 
 :......
a4743 	 28829 2E411 19 15/A7162 3 16 

F/1:62 CAiEIE14~u. 
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--------------------------------------------------------------- 

TALE TS-1
 
CASE STUDIES FOR TECHNICAL ANALYSIS
 

E.isLing 'APDA structures and existing span '.engths 
vs iow cost structures (LCS) and maximum allowaole :-pans 

------------- m-------------------------------------------------------------------

NO. DESCRiPTION UNIT QTY COST Rs 	 0OT 3AVING COST .1NG 

SL 

F. AVERAGE TUBEI ELL
 

1. 3-Phase HT iine 
Gopher " 25 16606 12475 31,4 7422 45 32.31 

2..3-Phase 	 HT line 
Rabbi " 25 2 )783 1665? 1350 7210 307? 

----------------
Total ,37395 29134 I..I .. 
------. . .. . . .. . .. . . .. ... . . .. ..----------------------------------------------------------------

-'/62 CASEIA WK1/ 

/,\
'
 



- --

----------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------

-A8LE VS 

"ASE E.TUOIEi F'3F, CHNJICAL ANALYSIS
 

E;xistLinq .AFOA truct,! res 3nd %axiraum alIowacie span lentris
 
vs. low cost st,'uctures (LCS) and ia:imum allowable spans
 

NI) DESCRIPTION IJNIT ,dTV CSr:T Rs 03 AEYNG COST EAVING
 

-.-- - - - - - ------- ---- ---

iL
 

A 3-PHASE 11 'V LiNE3
 
PER km
 

I Gopher km 1)I) 516 .67:5 32
00 42393 17381 5658

2 Rabbit I 00 72368 6005A 54319 18049 25 575 
 1.
 
3 	Oog 1.00 111543 94476 93079 18464 17 1397 1
 

Panther 1 00 162114 134796 123088 9026 1708
13 1 

8 1-PHASE I: LV LINES 

1 Gopher 1 00 ,,951 32763 26999 7352 40 6764 20 
2 aobi I C0i 5.949 6.5 952, 13 9411 33 7097 15 
3 Dog 1 00 81891 63577 62480 19411 24 7097 10 

C 3-PHASE LT LINES PER kri, 

I 	Gnat 1.00 67256 43121 36948 30308 45 6173 14
 
2. Ant 	 1.00 86582 62447 56274 20308 35 6173 10
 
3. wasp 1.00 140543 104405 100931 39612 28 3474 3
 

0 I-PHASE LT LINES PER km
 

1. Gnat 	 " 1.00 55145 .30941 24769 
 30376 55 6172 20
 
2. Ant 1 00 64808 40604 34432 0376 47 6172 is 
3 'Jasp 1 00 35215 61012 56335 2,881 34 4677 8 

E AVERAGE VILLAGE
 

I 	 -;-Phas LT line
 
'asp conductor 0 25 35136 2611)1 25233 903 2S $68
 

2 	1-Phase L7 inie 
a Gnat 0.40 22058 12376 5903 ISO 2468 20 

At 0") 64303 06 :42. ,1 :K76 47 6172 15 
c Wasp u,60 51130 36607 .3301 17329 .3, 2306 S 

:ut-. ,ta 1 	 1731.2 11 . 10 ,74 6 75 40 123141 16 
, -----------------------------------------------------------------------

F/E-E CASEIE1 W1. 1
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---------------------------------------------------------------------------------

------------------------------------------------------------------------- 
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- - - - - - - - - - - - - - - -- - - - --- - - - - ----- - ------- - - - - - - - - - - - - - - - - - - -- - - - - -

----------- -------------------------------------------------------

[ABLE T5 - 2 

CASE STUDIES FOR TECHNICAL ANALYSIS
 

Existing WAPOA structures and maximum allowable span iengths
 
vs. low cost-structures (LCS) and maximum allowaole spans
 

NO, DESCRIFTION UNT .TY COST Rs COST SAVING 0MST 
3AVING
 
SL PSC
 

WAPDA AFDA LCS Ps 3s
SL P$C
 

3 3-f-hase HT line 
a. Dog" 1.00 111543 94476 33079 18464 17 1337

b. Rabbit " 50 36184 30027 27160 3025 25 .367 
c Gopher €) SO 27058 21137 18368 61 32 2823 

Sub-total 174785 145700 138607 6180 1 709 3 

T.al. 347917 261368 241981 105378 30 19407
 

F. AVERAGE TUBEWELL
 

1. 3-Phase HT line
 
Gopher 0.25 13529 10598 9184 4.345 32 1414
 

2. 3-Phase HT line
 
Rbbit 0.25 18092 15014 13580 4512 25 1434
 

Tot .. 31621 25612 
-

22764 8857 28 2848 

F/662 CASE18 IJKI
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--------------------------------------------------------------------

--------------------------------------------------------------------

----------------------------------------------------------------------

--------------------------------------------------------------------

----------------------- ---------------------------------------------

--------------------------------------------------------------------

--------------------------------------------------------------------

TABLE T5-3
 

CASE STUDIES FOR TECHNICAL ANALYSIS
 

Existing WAPDA conductors for three phase HT 
and existing practice vs. low cost conductor 
fo' three phase HT and voltage re-gulators 

7--------------------
NO DESCRIPTION UNIT RATE QTY COST sRA -
---------- ---------------------- -----------------Existing
Standards 

Low Cos t 
Conductors 

Rs Z 

& Practice 

A. AVERAGE TU6EUELL
 

1. Capital Cost
 
phase II -V Line 

a Mole Conuuctor kmb 25099 0.5 0 12550 
b. Gopher km 66423 O.5 233212 
d. Voltage regulator kVA 10 O 0
 

Total 
 33212 12550 206G2 62
 

2. Present Worth of Cost
 

a. Losses Rs. 5 12
 
b. Capital Cost Rs. 44172 16692
 

---- I----------------------------------------------------------------

Total 44177 16704 27473 62
 

B. GROUP OF TUBEWELL' AND VILLAGES
 

1. Capital Cost
 
:3 Phase I I kV 

a.Mole kill25099 4 01 0 100647
 
b Gopher km 66423 4.01 26,6356 ( 
c Voltage Regulator kVA 500 87 0 43500 

T- tal 216.356 144147 L22209 46 

2 Present Worth of Cost 

a.Losses Rs. A6 72. 93440 
b.Capital cost Rs. a54. 191716
 

Total 400973 2C5156 11.5817 29 

FILE NAME CASE2A. (F / 662) /STS
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-------------------------------------------------------------

-----------------------------------------------------------------------

---------- ------------------------ -------------------------------------

-----------------------------------------------------------------------

-----------------------------------------------------------------------

-----------------------------------------------------------------------
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7AGLE 7-


CASE 	STUDIES FR TECHNICAL ANALYSIS
 

Exlsting 'JAPDA conduct:rs for three Pnase HT
ind e:'istinq Pr;c!ice .,.: low cost ,:onluctor 
for single :mase iT an, voltage regulators 

NO DE'.CRIPTIQN 	 UNIT RATE YTr CST Rs. COST SAVit. 

Existing Low Cost Rs 
Standaris Con,uc tors 
& Practice 

3-IHASE -FHA'SE 

A AVERAGE TUE:EWELL 

I 	 CapItal Cost
 
I1 kV Line
 

a Mole Conductor (l-Phase) km 20644 0 5 0 10322
 
b. GuPher (3-Phase) km 66423 0.5 33212 ) 
c. Voltage regulator kVA 500 	 0
0 	 0
 
,. Phase Convetor 
 kVA 300 10 -- 0 3000 

Total 	 -------------------------------------------------33212, 13322 19890
 

2. Present Worth of Cost
 

a. Losses 
 Rs. 
 5 24
 
0. Capital Cost 
 Rs. 	 44172 17718
 

Total 
 44177 17742 26435
 
6 GROUP OF TUSEWELLS AND VILLAGES
 

I. Capital Cost
 
11 kV Line
 

a.Gopher I-Phase 	 km 26999 2.97 0 77487 
b.Gopher --	 kmPhase 	 66423 4 01 2663.56 0
c.Rabbit 1-Phase km .395.-8 0 75 0 29654 
d.Weasel 1-Phase 
 kA 30219 1 75 0 5288.3
 
e.Voltage Regulator kVA 500 0 o 0

f Phase Convertter kVA 300 300 
 1) 9000 

To ta 1 2.356 250024 16."3"
 

2 Present Worth of Cost
 

a. Losses 
 Rs 	 46720 93.440
 
b. Capital cost 
 Rs. 	 3542S3 33253.
 

Tota I 400973 425972 -24999 

FILE 	 NA~ME case--b 'Kl (F / 6.62)' /STS 
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TAELE T5 - S 

CASE STUOIES FOR-TECHNICAL ANALSIS 

Existing WAPOA bare conductors for tnree phase 
-n singIe chase LT Iiie and servico cat1es ,I 
insulated LT con,]uctrs A nq the -.jail (,1 -r 
t p Ic aI vIIIage 

------.. . . . . . . . . . . . . . . . . . ..-------------------------------------------------------------------------
BGAE CONOUCTOR ,'1) iNJSULATED CONOUCTOR (2); COST DIFFERENCE 

NO DESCRIPTION UNIT QTY :UNIT RATE:Ci)ST Rs UNIT RATE : CCST Rs Rs 

A 	 CAPITAL CST
 

I 	 ":-Phase LT line 
a Gia t n 0 1). 6946 295_ 25.577 2046 .10 31 
o Ait - '"56274 6753 47051 i,7 
c -0 100921 201:- 72,1 " :,31 17,5 

2-Fhase L7 iti 
a Gnat ,n 	 0 32 24763 7926 12753 4092 3.
 

0,46 .34432 

c Wasp Km 	 0.80 56315 45068 46201 26961 8107 1$
 

o. .it. Km. a 	 16527 23525 11292 5235 32 

I Service connections
 
a. Single phase No 250 1200 200000 1000 250000 50000
 
b Three piase No. 3 3300 11700 3500 10500 1200 LC
 

Total 	 411116 339018 72098 1, 

t COST DIFFERENCE = (1) - (2) 

;i leriame . case.3a wk I F / 662 1NN 

,(0
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TABLE TS - 6
 

CASE STUDIES FOR TECHNICAL ANALYSIS 

Existin9 tJ POA service connections for single phase 
customers through independent LT service cables vs 
single chase c&,le 11ains along the wail for a 
iPlcai .T line span for 10 sin31e I.hase custoriers 

NO. OESCRIPT ION UNIT RATE QUANTITY / COST COST SAUINGS 

EXISTING SERVICE CABLE
 
PRACTICE ,1IN Rs.
 

A. SILL CF QUANTITIES 

I 2-Cor. A1 cables
 

a. 6 mm2 	 M 3.,5 0 50(7/0,044.
 
b. Iorm2 	 .S S 300N 	 so 

(7/0. 0.S52)

C. 	 6 mm2 M 8.8 0 so
 

(7/0.064

d. 20 mm2 M 10 0 50 

(19/0,044) 

2. CONNECTION BOXES NO. 50 0 10 

3. CONNECTORS NO. 
 9 20 4
 
(PG-CLAMPS)
 

4. CABLE MAST$S NO. 2,00 1 

B, COST ESTIMATE 

. 2-Core AIl. cables.
 
S6 A)A12 0
Rs. 	 175 

b IOmm2 Rs. 	 1650 275 
c 16 m)m2 	 0Rs 440
 
d I) Rs
mm2 0 500 

2 CONNECTION BOXES Rs 	 0 500 

3. CONNECTORS Rs, 	 180 .36 

4. CABLE MASTS Rs 2000 200 

To ta 	 3830 2126 1704 56 

Filenarie :czse.'Jb.wkl F / 662 MNN 
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4:;'all 	 SO kV 1 0~. 4, I k ')t Transfo re rs ,, .'' . 

A t h E AT il 3 tandar s , L'7w c,~ T'~anforew 
LCTg w , h r:--s e .. 

-i- -2 -4 - -7,. - - - - - - - - -  - - - - - - - - - - -. 

.. WAP4A QA O i ; -LC LCT r 

j7 ..~7<< ~PHASE 	 Z;PHASE '3-PHACE 3 -PHA5E . . 

'Q.)~ ~> BLL 'IF 0)APJTETIE 
' 

A.opr47~ 58 -. ' 

.... 
2~72Insulatijng material 

5 '	 

22>>2:22. as,% of copper, 45 

4 Transftor;-er -. 1 " l 75 	 L5 [.5 1 445, teel shEet for 
,2"	 

~ 
S tank 1 43 .6 41'' 

6. 	 Elitc ltube 
"~'for cooling MI -. 

, :> ,L.75 	 19. 7 
. 

7./ll kV bushing No, 175 3 ' 3 ~ 3 	 ' 281,04 kV bushing No. so 4 4~ 9. 'Tap, charger No, 4"00' 
4 4 ',. 

10. Miscellaneous, 200 1 1 1 1II Copper losses .~kWH 2 14024 2562 1847 254712. Iron 1osseg 
,1533
kWH 2 1077 1156 ~2129 

1.Copper'',' kg. 4701) 5800 , 2600 3600

2." Silicone sheet kg. ' 760) 4400 20 90~
Insulati'ng material Z 	 A4.Transfomer oil 91. 1200 1875 1133 1658~ ~ 	 . 2 4..~/Steelsheet kg. 440 671 
 452 581 . . 

7 11 kV bushing 	 511 4~ 525 5155 	
2' 9. .0 VV1bushing 20. . 21) ''Il0)'

.529,. ap,chager,' # U) 20 'Q; ' 	 . 

jf'otai eaterial cos 	 1i0 -0 2 14254 815~i4' 212~ 6 S 
- - - - - 

8.3 

~~ AALabour '& overheads (40 ". >'419a) 2 570". ' 316 4946.2 ~4 22 
TOTAL t j;T 2"''. , 14672 :19956 11416 17311 3256 24 24 

F LENAflE . 
5 CA3EAA 'K I2~~.-W~,F.DA. 

'''"424 2 
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TABLE TS - 7
 

CASE STUOIES FOR TECHNICAL ANALYSIS
 

3tandard 'JAPDA 25 and 50 kVA, 11/0.4 V Transformers
 
jIth Exisiting Loss Standard vs. Low cost Transforemrs
 
LCT: with Slightly Higher Losses
 

NO. OESCRIPTION UNIT RATE QUANTITY/COST COST SAVING COST SAVING
 
ZS kVA SO k1IA
 

'4AFOA .JAPOA LCT -C7 Rs 
ZS kVA 5) kVA 25 kVA SO KVA 
3-PHASE -PHhSE 3-PHASE 3-PHASE 

C LOSSES 

I Copper losses 2804 5124 3634 5094 
2 iron losses 2154 3066 2312 4258 

TOTAL 4958 9190 6006 9352 -1048 -21 -1162 

0 PRESENT JORTH 

1. Capitai incl 0 . 1 19514 26541 15183 2302A
 
2 Losses 33053 54600 40040 62347
 

TOTAL 52567 81141 55223 85371 -2656 -5 -4230
 

;ILENAME :'.,1SE4A.UK'I F/662
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TABLE TS - 8 

CASE STUDIES FOR TECHNICAL ANALYSIS
 

STANDARD WAPOA 25 kVA, 50 kVA & 11/0.4 kV TRANSFORMERS VS.
 
SMALLER TRANSFORMERS FOR TU6EWELL FOR IRRIGATION (TWUANO
 
SMALLL INDUSTRY (SI)
 

No. DESCRIPTION UNIT 	 WAPOA STANOARD SMALLER
 
TRANSFORMERS TRANSFORMERS
 

QTY RATE COST QTY RATE COST
 

A BILL OF QUANTITIES
 

1. 5 HP TW
 
(WAPOA 25 kVA) No. 0.25 23973 
 5993 1 10260 10260
 

2. 7.5 HP TW

'*WAPOA ' 25 kVA) No. 0.5 23972 1187 1 11912 11912
 

3. 10 HP TW
 
(WAPDA : 25 kVA) No. 0.5 23973 11987 
 1 11912 11912
 

4. 15 HP TW / SI 
(WAPOA : 25 kVA) No. 1 23973 23973 1 13500 13500 

5. "0 HP TW / SI
 
(WAPOA : 25 kVA) No. 1 23973 23973 1 15616 
 15616
 

Filename :CASE48 WlK F / 662
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TarI C' 7r, . 

CASE STUDIES FOR TECHNICAL ANALYSIS 

THREE PHASE HT VS. LT FOR TUBE',ELL ELECTRIFICATION
 

CO*CST DIFFERDi 
F-FHAE.SE HT 1J -FHA::E LT (2) 2) -I ( ) 

UNIT QTY RATE COST ')TY RATE COST ;S 

-A CAPITAL Cl-', T
 

5 HF' TI.)EI4ELL 

I. 	 Line 

a. HT Mole ,fit .2.5 2509 6275 0 0
 
b LT Gnat 0 om0 0 0.25 36947
 

Distribution transfoners 
Substation kVA 5 2052 10260 5 115252305 

Total 	 16535 20762 4227 

10 	HP TUBEWELL
 

1. 	Line 

a. HT Mole Km 0.25 25099 6275 0 0 0 
b. LT Gnat. Km 0 36948 0 0.25 3694$ 9237
 

2. Distribution transformers
 
Substation kVA 10 1191 11910 10 1152.50 11525
 

10___45
 
Total-- 18185 
 2(76 2577 12 

15 HP TUBEWELL 

I Line 

a. HT Mlle Km 0.25 25099 6275 0 0
 
b LT Gnat Km 0 36948 0 25 3634:
 

2 	Distribution transformers 
Substation (15 kVA) No 1S 900 13500 is 16E. 3 19025 

T ta 1 	 19775 21262 47 30
 

Filename :Case5a~wkl f / 662 fINN/
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TABLE T5 - 9
 

CASE STUDIES FOR TECHNICAL ANALYSIS
 

THREE PHASE HT VS 
 LT FOR TUEEWELL ELECTRIFICATION 

.:-P~HASE HT' , -;HASE UT (2) COT DIFFEREiCE--- HT 1E-----	 -.- -
JNIT ,gTY RATE COST QTY RATE COST Rs 

E. LOS SES WH) 

1. 5 HP ,JH 0 S 2 . .3..7 2 
2 	 10 HP Y'4H 1,S 2 1 154.7 2..,7
 
, 15 HP H 157 , 2.3 "' ' 97
.... "8 777 	 6-94 

ot~~~a ~3.6' ""1 799
 

C. PRESENT WORTH ANALYSIS 	 7 -

1. 5 HP 

a. Capital Rs 	 21992 
 27 1 3 
b. Losses Rs 
 2
 

Total 	 21934 28126 6132 
 21.8
 

10 HP
 

a. Capital Rs. 	 2416 
 27613
 
b. Losses Rs 
 7 	 2060 

Total2A TtaI2419:3 2967:3 .$480 1:;..S9' 

a Capitai Rs. 	 26.01 7 
b. Losses Rs. 	 15 4647
 

To t a 2. -: 2	 77 

t Cost. of .3-Phase Standard transformers and Substations 

Cost./kVA Transformer Substation Total Average
Transformer cost cost. cost cos t./kVA 

5 HP 1500 7500 4025 11 .52 2305 

10 HP 750 7500 4025 11525 .11.52.5
 

iS HP 1000 O15000 4025 19025 1261
 

Filename : case5a.wkl f / 662 MNN 
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TAFLE T5 - [0
 

CASE STIJOIES FOR TECHNICAL ANALYSIS
 

SINGLE PHASE HT VS. THREE PHASE LT FOR TUBEELL ELECTRIFICATION
 

HT (i) "-FHASE LT '2) COST -IFFERE 

No,DE UNIT--PT-I--------------------------------2,--- 1,-
No 	 , E CRIFTICN '-PHASE 

UNIT 	 ----------QTY RATE COST 
 'TY RA7E COST
-------------------------------------------------------------------------- Rs. 
A CAPITAL COST 

5 HP TUBEWELL 

I L ne 

a HT ,ole 
b. LT Gnat 

Km 
Km 

0 2.5 
0 

20644 
0 

.5161 
0 

0 
0.25 

) 
36948 

0 
9237 

2. Distribution Transformer 
Sustat ion kvA .5 16.36 8180 .5 2:305 11525 

3 Phase Converter kVA 5 300 1500 0 0 0 
--'-------------------------------------------------------------

Total 14841 20762 5921 

10 	HP TUBEWELL
 

1. Line
 

a. 	 HT Mole Km 0.2.5 20644 5161 0 0 0
b. 	LT Gnat Km 0 0 0 0.25 36948 9237 

.	 Qist'ibution Transfornmer 
Substation kVA 10 1001 [0010 10 1152.5) 11.525 

7 Phase onvert.,j VA 101 3O 00000 
o 0 

Totai 18171 	 20762 2591 1 

15 	HP T1.IEEWELL
 

Line 

a. 	 HIT Mole Kmf, 0.25 20644 5161 0 0 0
b. LT Gnat Km 0 0 0 02.5 " 2377" 

2. 	 Distiributioi, Transformer 
Substation kVA 1.5 79.5 1192.5 15 12E, D 1302Z 

":.Phase Converter VA 15 30 450 0 0 ) 

Tota586 E; 7P 

Filename: Case.Sb.wkl1 F /62MNN 
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TABLE TS - 10
 

CASE STUDIES F-OR TECHNICAL ANALYSIS
 

SINGLE PHASE HT S THREE PHASE LT OR TUeE'4ELL ELECTRIFICATION 

,' ,.o .. ~~'-PHA'; E H ) ;. -E .
E IE- -iT-: 
 J ",EC 
OIT,i TY RATE OST 0TY RATE ", 

£. LOSSES H) 

1. 5 HP k4H 02. 1 HP kWH 1 0 0.5 387 2 772 1 1.54 7 2151 HP 214 4.£2 348 7 2 £97.
 

To ta I- 7.,. 
 107618 99.a 
C. PRESENT - - - - - - --------------------------WORTH ANALYSIS 

1. 5 HP 

a. Capital Rs. 
 19739
b. Losses 27613
Rs. 
 3 
 513 
Total 19742 28 12%$:, 9.
 

Total ---------------------------------------------------------------------
9,
2. 10 HP
 

a. Capital Rs. 
 24167 
 2761:3
 
b. Losses Rs. 
 14 
 2060
 

3 524181 2967:3 $492 18'5S 15 HP' 

a Capitai Rs, 
 28709 375,'38b Losses Rs. 467
 

Total 28740 42.3 ,95 :3%
 

9 Cost of 7-Phase Standard transformers and Substations
 
Cost/kVA Transformjer Substation Total Average
 
Transformer 
 cost cost coDst cost/k VA 

5 HP 10 750) 4025 11525 2305 
10 HP 7.50 7500 425 11525 1152. 
15 HP 100)0 s00 4025 19025 1268.., 

Filenanme: Case5bwkl F / £62 MNN 
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ANNEX T6~ ~~ ~
 

K' SYSTEX APPL1CAT[ONS FOiR TECHNICAL OPIN.US TDE
 

rhetypes case'4ilo, rh e f of stiidies are icue hsAnnx 

- .Choice, of primary voltage 
*Design of lines for year 5, 10, 15 andi 20 
Rural Electrification Intensificationl versus Expansion

*Decentralised generation 
 options for a typical tubewell,

village and area ineach province
 

2 CHO[CE OF PRIMIARYVOTG
 

I~n two sample areas, one in Tehsil Okara, District Okara in 
Pun jab and one inTebsil Kalat, 
 District Kalat in Balucnistan,

the It kV and 33 kV networks were-'designed and analysed t

determine the best conductor selection wi'th respect tomaximu.i
 
voltage drop (7.5%w) and optimisation of cost of capital,L 0~
 
and energy losses cost estimates were based on the low.The 


cost distribution~poles, transformers. etc.
 

The detailed technical analysis of these two areas iLgiven ina
 
separate study entitled ",Design of netwrok configurations in
 
sample areas". The cost estimates of the proposedl11 kVl andi 33
 
0V distribution networks~ were prepared on the basis- of, the
 
results of these studies., These estimates are 
 summarised, in
 

Tables T6-1 and T6-2. 
 -' I 

CThe 
 network configurations in the case of sample, areasL Tehsil
 
Thatta, DistitThta nd Tehsil:Lakki,4a wt',Distric
a~~ 

Bannu,, IWFP,L were' , similar lines as-for the~t"10developed on 
- in'Punjab and Baluchistan, However, etuasot cost WereIareas 


based. on conclusionsdaw fv >eprv sstdes~rega'rdii 
~P~ ~distrib~ution line lengths~byL0dco sieadLe g Llosses 

- as percentages of~expected demand.-Summaryrf cost estimates forL
 
- 1-1 ,kV vs 33 kV networks I Lthe Thtta and LakkiVMawat areas 

given
in Tables.T6-5 and ;T6-61. -CCC: 
CC1 C Afllfthe case s~tudies A-ndicate' thaf, 33 kV s' -a more CrOS tL 

CIJeffct;ive
P1C ~ CIC solution both in terms of capi-talnvestmentand net< 
CCCC , ~ CCCprset wt.of~costs, The main pointso CCe:Ost comparison

(I1re UMmarised below. 

~~l4MPC(CF/514C7)C T6.I" C 
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TABLE T6-15
 

CASE STUDY FOR TECHNICAL ANALYSIS 

OECTRALIZED GENERATI fl OPTIONS FOR FLECTRIFICATION
 
OF A TYPICAL R,RAL AREA INBALUCHISTAN
 

No. DESCRIPTION 
--

LiNIT DIESEL SOLAR WIND CENTRAL 
GRID 

PARAMETERS 

TUSEVELL HP 10 HP
 
EFF FOR WIND GEN 0.5 %
 
DIESEL ENG BASE EFF 0 175 pu
 
DIESEL C WSKTION 3S0 grn/HP/Hr

CF AT CUSTOMER 0 76470
 
LCAO FACTOR 2015 Hrs
 

COSTS:
 
- DIESEL GENERATOR 4200 RS/KU
 
- WIND GENERATOR 25500 RS/KW
 
-PV ARRAY 138000 RS/KW
 
- BATTERY FOR PV 3440 RSIKWH
 
- MICRO HYDEL 27000 RSI/Y
 
-GENE./TRANS/OIST 36000 RS/KW
 
- DIESEL/LITRE 3$ RS/LITRE
 
-ENGINE OIL/LITRE 9 RS/LITRE
 
- ELECTRICITY 0 61 RS/KWH
 

-DIESEL 02 pu 
- WIND 0 05 pu 
-MICRO HYDEL O.OS pu
 
.. CENTRAL GRID ) 05 pu 

DIESEL CCOSUtIPTION 20S2877 LITRES
 
OF 0IPu
 

FILEVA : TABT6-11 KI. F / 42 ASA
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A case study of a grid station in Tehsil Okara was carried out
 
to see the impact of demand in year 5, 10, 15 and 20 on voltage
 
drops and net present worth of costs by feeders which were
 
designed on the basis of demand in year 10. Both three phase and
 
single phase configurations were studied. The detailed analysis
 
of this grid station is given in a separate report entitled
 
"ANALYSIS OF BASIS OF DISTRIBUTION LINE DESIGN IN A SAMPLE
 
AREA". The results are summarised in Table T6-3. The following
 
conclusions can be drawn from this study.
 

Both 3-phase and I-phase lines, designed for demand in year
 
10, will nped rehabilitation by year 15.
 

I he ,ost, or singie phase option on branch lines and three 
phase lines on main feeder is comparable with three phase 
line 

The present worth of additional losses between year 10 and 20 
is such thato it wii be more economical to rehabilitate the 
system after year 10. 

INTENSIFICATIONi VERSUS EXPANSION
 

Four different alternatives of rural electrification were
 
studied for a sample area:
 

Expansion few area. 260 villages
 
Xli new viliages to be electrified
 
Xt least 70% domestic connections to be
 
provided with connections
 

Intensification: Qi) 	Electrification in existing electrified
 
villages only. No HT line. 260 villages
 

(2) Electrification in selected non-electri
fied villages close to line only. 1.5 km
 
HT/village. 70 villages
 

(3) Electrification in ail remaining

villages. 2.5 km HT/village.142 villages
 

The capital investment per kW and per customer (Table T6-4) for
 
the four cases, alongwith the benefit cost ratio is summarised
 
below:-


Expansion in Intensification
 
areanew 

No 1.5 km 2.5 km 
HT HT/village HT/villge 

Cost/kW. Rs. 4,983 3,089 4,714 4,893
 
Cost/customer Rs. 3,593 1,794 3,402 3,533
 

REMPRT6.ANX (F/5I?)
 



- - -- -- -- -- -- -- -- -- -- -- -- -- -- 

4 i~ 
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rhe central grid, at prevailing costs and average conditions,
 
is an attractive soluticn, However, even diesel generation is
 
an interesting option worth investigation.
 

For areas which require larger transmission lines and thereby

higher costs, the economics of diesel generation, 3mall hydel

(ifavailable) and wind power should be investigated thoroughly.

The choice of the option will be project specific and detaiied
 
tudies should be carried out in each case.
 

REMPRT6.ANX (F/517)
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fABLE T6 - 1 

CASE STUDIES FOR TECMICAL ANALYSIS
 

CHOICE OF PRIfI'RY 'YLTAGE (11 kV or 33 kM) INPUNJA8. DISTRICT CKARA. TEiSIL 0KAA.
 

No. DESCRIPTION JNIT 
11 kV 33 kV 

COST OIFFERBCE 
(11 kV - 33 k) 

QTY RATE COST ,ITY RATE COST Rs 
Rs. Rs.(C00) 19 Rs .(CC0) 0O) 

------------------- --- - - - - - - -

A CAPITAL COST 

1.HT LINES (3-Fhase)
 

a. Iole Km. 1609.5 25099 40397 1900.-4 30119 57236 -16839 -42 
b.Squirrel Km 43 95 34000 1494 2927 40800 1194 300 20 
c Goper K . 78 15 36735 2871 28.18 44082 1683 1188 41 
d.Weasel K 1934 40591 785 5.13 48709 250 535 68
 
e.Rabbit (. 128 81 54319 6997 67.81 65183 4420 2577 37 
f Dog 281.4 93078 26471 72 91 111694 8132 18339 63 
g.Panther '. ,)13088 0 000 159706 0 0 0 

rotal 2164 15 79015 211354 
- -

72915 6100 3 

2.DISiT1BUTION TRANSFORlERS
 

a. 5 kVA 'No 400 10260 4104 400 14917 5967 -1863 -45
 
b. 10 kVA No 951 11912 11328 951 17601 16739 -5411 -48
 
c. 15 kVA No 570 13500 7695 570 2018z 11504 -3809 -49
 
d. 20 kVA No 614 
 15616 9588 614 23622 14504 -4916 -51 
e 25 kVA "1o 154 17765 2736 154 27114 4176 -1440 -53

f$01A No 2 25231 18000 712 39331 :8004 -10004 -56
10 %1. :A214 13122 3228 214 :6084 14142 -4914 -53
 

h.200 KYA No 71 60307 4282 71 91318 6484 -2202 -51
 

Total 3686 66361 2686 
 101520 -34559 -52
 

3 CAPACITORS
 

a. S1tcm kV-r 7477 200 1495 7477 240 1794 -299 -20 
b.Fixed kVAr 14953 125 1869 14953 150 2243 -374 -20
 

4 AUTiOATIC YOLTAGE kVA 910 500 455 16 600 3118 -2663 -585
 
REGULATORS
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TABLE T6 -i
 

CASE STUOIES FOR TECHNICAL ANALYSIS
 

(IJCE 	 UF PRIWARY VW.TAGE (IIkV or 3 k) INPUNJAB. OISTRIC-( OKARA. TEHSIL OKARA. 

11 kv 
 33 kV COST DIFFERENCE
(I!kW - 33 MV
 
No. OESCRIPTION 


kvIT
QTY 	 RATE COST OTY RATE COST Rs.
Rs. Rs.(000) Rs. Rs.(000) (000)
 

.5SUBTATION COST tVA 
 60 1000000 60000 60 80000 48000 12000 20
 
(132/11 & 132133)
 

6.TRANSMISSION LINE

COST (132 kV) ,01050000 94500 
 20.5 1OSOO00 21525 72975 
 77
 

Total Capital Cost 
 300295 251115 53180 17 
7 ENERGY LOSSES '.H 3164600 2 6329 57. J 822 1148 5181 
8 PRESENT 'JORTH OF COSTS 

I.Energy Losses Rs.(000) 	 42193 
 7653 34540 82
 
2.Capital


Including 0dM Rs (000) 
 404712 
 333983 70729 17
 

Total 
 446905 	 341636 105269 24
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TABLE T6 - 2 

CASE STUDIES FOR TECHNICAL ANALYSI 

CAICE OF PRIMARY VOLTAGE (11 kV or 33 kV) INBALUCHISTAN. OlbixKLli KULI. TEHSIL KALAT. 

COST DIFFERENCE 
11 kV 33 kV (11 kV - 33 kV)No DESCRIPTION UNIT - -_------_-_--

QTY RATE COST QTY RATE COST Rs. 
Rs. Rs.(000) Rs. Rs.(00) (000) 

A. CAPITAL COST
 

1.HT LINES (3-Phase)
 

a.Mole Km. 1545.95 25099 38802 1689.17 30119 50876 -12074 -3r
 
b.Squirrel Km. 6.14 34000 209 58.78 40800 2398 -2189 -1047
 
c.Gopher Km. 51.14 36735 
 1879 30.26 44082 1334 545 29
 
d.Yeasel Km. 625 40591 254 0.00 48709 0 254 
 00
 
e.Rabbit Km. 38.2 54319 2075 44.03 65183 2870 -795 -38
 
f.Dog 
 Kto. 65.03 93078 6053 10.26 111694 1146 4907 81
 
g, Panther Km. 143.95 133088 19158 26,50 159706 4232 14926 78
 

Total 1856,66 68430 1859 62856 5574 8
 

2.DISTRIBUTION TRANSFORMERS
 

a. 5 kVA No, 
 76 10260 780 76 14917 1134 -354 -45
 
b. 10 kVA No. 460 11912 5480 460 17601 8096 -2616 -48
 
c. 15 kVA No. 553 13500 7466 553 20182 11161 -3695 -49
 
d. 20 kVA '1. 1250 15616 19520 1250 23622 29528 -10008 -51 
e. 25 kYA 'o. 350 17765 6218 350 27114 9490 -3272 -53
 
f. 50 kVA No. 12 25281 303 12 39331 472 -169 -56
 
g. 100 kVA No. 1) 43122 0 0 66084 0 0 0
 
h.200 kVA No. 0 60307 0 0 91318 0 0 0
 

Total 
 2701 39767 2701 59881 -20114 -51
 
-


3.CAPACITORS
 

a.Switcned kVAr 2363 200 473 2363 
 240 567 -94 -20
 
b. Fixed kVAr 4725 125 591 ,4725 150 709 -118 -20 

4,AUTOMATIC VOLTAGE kvA 2414 500 1207 1741 600 1045 162 13
 
REGULATORS
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TABLE T6 -2
 

CASE STUDIES FOR TECHNICAL ANALYSIS
 

CHOICE OF FRIKARY VOLTAGE (1IkV or 33 kV) INBALUCHISTAN. DISTRICT KALAT. TEHSIL KALAT. 

COST DIFFERENC 
S11kV 33 kV (IIkV - 33 kV)
Nio.DESCRIPTIONI LNIT 
 - - - - - - _ _ _ _ __ _ _ _ _ 

QTY RATE COST QTY RATE COST 
_ 

Rs. 
_ _ _ 

Rs. Rs.(000) Rs. Rs.(00) (000) 

5.SUBSTATION COST MVA 30 1000000 30000 30 800000 24000 6000 20 
(132/11 & 1 2I33) 

6.TRANSMISSION LINE 
COST (132 k0) 35 1050000 36750 175 1050000 18375 18375 50 

- - ------- - -

Total Capital Cost 177218 167433 9785 6 
7, ENERGY LOSSES k'H 1;77140 2 3554 167230 2 334 3220 91 

8. PRESENT WORTH OF COSTS 

l.Energy Losses Rs.(000) 23693 2227 21466 91 
2.capital
(Including 0 & M)Rs.(000) 235700 222686 13014 6 

Total 259393 224913 34480 13 
- ----- - ---------2-----
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TABLE T6-3
 
SUMMARY OF CAPITAL INVESTMENT ENERGY LOSSES AND PRESENT
 
WORTH ANALYSIS OF COSTS FOR DESIGN OF LINES FOR DEMAND
 
IN YEAR 5,10,15 AND 20. GRID STATION GS-9 TEHSIL OKARA
 

NO. FEEDER IO. CAPITAL DEMAND YR 5 DEMAND YR 10 DEMAND YR 15 DEMAND YR 20
 
Pid --------------- - --------------------

VDz NPWC VDZ NPWC 
 VOZ NPWC VD: NPWC 

1. Fl- 3-ph ,3: 5.0 1,727 7.0 2,183 9.2 3,012 11.3 4,32-0
I-ph 
 311 5 1 1,741 7.1 2,170 - -  -

.-p, 530 4 1 ,076 .,3 1,390 7.7 1,367 3.9 2,624
I-p 5 . 1,)76 6.13 1,377 - - 575 0 
 -

.123 5 0 

1-ph 1,1.-5 5.2 2,076 7 .3 ,,2. 


3 F3- 1-ph 2,048 6.7 2,5.30 9 2 3,;2 11.9 4,631 
- - _
 

4. FA- 3-ph I,20 5. 
 2,18 f 9 2,724 9.2 3,668 11.8 5,12o
1-ph 1,217 .0 2,197 7.0 2,717 ... .
 

5. FS- 3-p.h 913-.l. 5.2 )1:14 6. 2,23 8.9 2,933 11.5 4,0022

1-ph 1,C)13 .2 1,205 6.8 2,241 ... 
 .
 

6. F6- :-pn 1,7A2 1.2 3,654 4.8 4,7.57 3.9 6,.520 -1.3.4 9,264
1-p[ 1,... 4.5 3,676 0 4,761 - - -. 

7. F7- 3-p.h 
 1,431 5.5 2,905 7.0 3,657 8.7 4,787 10.7 6,.5.52
1-ph I,SAi q.2 2,9:-0 6.7 3,62 ... .
 

: Fr- 'A: A:-.h 1,941 5.4 2,299 6 . 2,376 7.3 3,705 
I-,42 a.6 1,970 7 9 2,.344
 

9-. ph .- .
 6 66 0 715 4.5 331
1-ph .,7 4 ..1 936- 1 4. 71) 



----- -- ------ -------------------- ---------------

- -----------

I 

,ESCRIPTICN 


NNo. of Villages to be Electrified 

2. Potential Customers
 
-..............
 

a.Single Phase 


b.Three Phase Small Industry &
Water Supply Tubevells 

c.Three Phase Irrigation Tubevells 


3. Existing Customers
 

A.Single Phase 


b.Three Phase Small Industry 1 
Water Supply iubevells 

c.Three Phase Irrigation Tubewells 


4. Additional Customers
 

a.Single Phase 


b.Three Phase Small Industry &
Water Supply Tubewells 

c Three Phase Irrigation Tubewells 


Total 


TABLE T6 
"ASE STUDIES FOR TECHICA. LYSIS 

RURAL ELECTRIFICATION EXPANSION A0 INTENSIFICATION 

IN TYPICAL AREA INPUNJAB. DISTRICT OKARA. TEHSIL OKARA. 

)NIT 


EXPANSION 
NEW ARA 

N1o. 260 

No. 100349 


No. 
 432 

No. 2329 


No. 
 0 


No.0 0 
No. 
 0 


11o. 
 70244 


No. 
 432 

No. 
 2329 


73005 


5, Additional Demand at distribution level 

a Single Phase 
b Three Phase 

(00,417 kW) 
(08.48 kW) 

kw 
kv 

29292 
2343 

Total k5 52705 

File NaAe : TABLE6-4.wkl F / 662 MNN
 

QUANTITIES / COST
 

Electrification 

inExisting 

Electrified 

Villages

only 

118 


43384 


194 

822 


10942 


194 

419 


19427 


0 

403 


19830 


8101 

3417 


11518 


INTENSIFICATION 

Electrification 

inselected 

Non Electrified 

Villages close
to line only 

nl

70 

27017 


116 

627 


0 


0 
0 


18912 


116 

627 


196SS 


7886 

6301 


14187 


Electrifica 
inall rema 
Non Electri 
Villages
 

142
 

54806
 

236

1272
 

0
0
 

0 
0
 

38364
 

236
 
1272
 

39872
 

15998
 
12788
 

28786
 



--

,>,,~.4*. U ~~TABLE T6 - A s~ 

NFO 

URLE ECTRFAION E~ASOITNIIC~NTENSIFICATION 

0 AREA 

Electrification 2 Electrification SElctrificatinExisting> inselected> 
 inall eraz
Electrifiedi Non Electrified -NonElectif
 

________________________only_ 
W~ line only,~
 

6.Additional Capital nestment 

a. 11kV lines 0 Rs, 651/kmn
*Villages Rs.(000) 28478 t 0 3834 M c26 1~Tubewells 
 Rs.(000) 45917 ., 7945 

pb. 12362 25078Oitrjbutjon transformers Rs.(000) 42966 2786 
 11566 23467
(0Rs. 620/kVA) 
 ' C, 0.4 kV lines (0Rs. 971O0/kM) RsI(000) 50492 0 13594 27576
(02kMll Village)..
 

d,Single Phase Customers R0000O) 84293 23312 22694 
 46037
(0Rs, 1200) 

":e.Three phase Small Industry Rs.(000) 1642 0 441 
 837(0Rs. 3800)


f.Three phase Tubevells Rs,(000) 8850 1531 2383 
 4834
(0Rs, 3800) 
" 

Total Rs. (00N 262638 35574 66874 1408510 

9. Additional Energy'Consumpt ion ~'2~' - -, ' ' 1 

aSingle Phase (0 550 kWH) IWH- ~ 38634 10685 I10402 21100<,~"b. - Three Phase (0120100, ) MVDIH 33132 , 831~S6j $, 8 
Total > 776 2 IS1521 A19318r ----- ----- - - - - - - - - - -

10 A'[ddi LIONa IReyeroue(0Rs. 0,7016H) Rs.(000) 50236 
 10M6 -- -<- 13523 27437 
It11- eoj per kW> Rs '4NS ~ 95 59435 si 4.5. '<s- 3 

12 aia otprk s, 983 3089 4714 489 
1',.12,0ptlcs ;rCsce Rs. - -. Z 8 1794 3023u 

4 
e Naz A N'4N~'' 66 M- 5J E6 k I F--

-~ '5 < '5 p'' 5 s5- - '''
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TABLE T6 -

CASE STUOIES FOR TEChnICS ANAYSIS
 

R~L . ELECTRIFICATION EXPANSION AN) INTESIFICATION 

IN TYPICAL AREA INPUNJAB. OISTRICT OKARA. TEHSIL C_,ARA. 
NO. DESCRIPTION 1'2IT UANTITIES /COST
 

EXPANSION INTENSIFICATION 
NEW AREA 

Electrification Electrification Electrific.
inExisting inselected inall rema

Eiectrifieo 'on Electirified Neo Eiectri
Vi I ages 'illages close Illages
only ko line only 

14. Present Vorth Per kW Installed Capacity
 

a,Capital investment 
 Rs. 6627 4108 
 6270

b.Revenue Rs. 6353 6287 6353c. Benefit-Cost Ratio 0359 1.53 
 1.013 0 37G 

- - -

t 260 Villages 13kM
 
It 70 Villages 191.5 kM
 
ut 142 Villages I 2.S kM 

File t4 : TA&LE6-4.WKI F / 662 MM 
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TALE T6 -


CASE STUDIES FOR TEChICA. ANALYSIS
 

CHOICE OF PRIMARY VOLTAGE (II kV or 33 kV) INSINO. DISTRICT -TWRTA, TEHS!L THATTA. 

COST OIFFER£E

11 kV 33 kV (11 kV -33kV)

No. CESCRIPTICN UJNIT-
T)Y RATE COST JTY RATE COST %s.
 

Rs Rs.(O00) Rs. Rs.(000) (000)
 

A. CAPITAL COST
 

HT LINES (3-Phase,
 

a.,ole K . 336.58 25099 9954 457.80 30119 13788 -3834 -39 
0 Squirrei 5 41 34000 184 51.72 40800 2110 -1926 -1047
 
c GoD,)er , 
 44 97 36735 1652 26.62 44082 1173 479 29
 
J 'eaMe 
 5.49 40591 223 0.00 48709 0 223 100
 
e Rab,. .t 01 33 59 5419 1825 38,73 65183 2525 -700 -38
 

S.. 57 21 54325 02 111694 1007 4318 81
"3078 


g.Panther <,I 126 59 13,3088 
 16848 23 29 159706 3720 13128 78
 

Total 669.84 36011 607.18 24323 11688 32
 

2.DISTRI6UTION TRP-4SFOR~iERS
 

a. 5 kVA 
b. 10 kVA 

plo 
'o 

18 
39 

10260 
11912 

185 
465 

18 
39 

14917 
17601 

269 
686 

-94 
-221 

-45 
-48 

z 15 kVA No 88 13500 1188 88 20182 1776 -588 -A9 
d 
e 

20 kVA 
25 kVA 

No 
No 

183 
62 

I616 
17765 

2858 
1101 

183 
62 

23622 
27114 

4323 
1681 

-1465 
-580 

-51 
-63 

f 50 kVA 1,o 89 25,81 2250 69 39331 3500 -1250 -56 
g 100 kVA No 78 43122 3564 78 66084 5155 -1791 -53 
h 200 kYA No 45 60307 2714 4S 91318 4109 -1395 -51 

Total 602 14125 602 21499 -7374 -5 

3 CAPACITORS
 

a.Switch&j kVAr 2198 200 440 2198 
 240 528 -88 -20
 
b Fixed kVAr 4395 
 125 549 4395 150 659 -110 -20
 

4.AUTOATIC VOLTAGE kVA 2253 500 1127 1755 600 1053 74 7
 
REGULATORS
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TABLE T6 - 5 

CASE STVOIES FOR TECHICAL ANALYSIS 

CHOICE OF PRIIARY VYOTAGE (11 kV or 33 kV) INSIND. DISTRICT THATTA. TESIL THATTA. 

COST DIFFERENCE
 
NO. DESCRIPTION UNIT .. .. 

r2TY 

11 kV 

RATE 
Rs' 

COST 
Rs.(000) 

QTY 

33 kV 

RATE 
Rs. 

COST 
Rs. (000) 

5 SUBSTATION COST 

(132/11 & 132/33) 

IVA 30 1000000 30000 30 800000 24000 

6. TRANSMISSION LINECOST (132 kW) K 70 1050000 73500 43 1050000 4I5150 
Total Capital Cost 155752 117212 

7 ENERGY LOSSES XH 1658579 2 3317 16564 2 337 

8. PRESENT 'dORTH IF COSTS 

l.Energy Losses Rs.(000) 
2.Capital
(Inlucling 0 & 11)Rs (000) 

22113 

207150 

2247 

155892 

Total 229263 158139 

(11 kV -


Rs. 

(000)
 

6000 


28350 


38540 


2980 


19866 


51258 


71124 


33 kV)
 

% 

20 

33
 

25
 

30
 

90
 

25
 

31
 

File Name: TABLE6-5.wkl F / 662 



TABLE T6 - 6 

CASE STUDIES FOR TECH-NICAL ANAYSIS 

CHOICE 	 OF PRIIMARY VOLTAGE (11 kV or 33 kV) IN W"P. DISTRICT AWIfJ. 	 TEHSIL LAKKI IARWAT. 

COST DIFFERENCE
 
11 kV 33 kV (11 kV - 33 kV)


No. DESCRIPTION LNIT
 
,QTY 	 RATE COST ,QTY RATE COST Rs. 

Rs. Rs.(O00) Rs. Rs.(000) (000) 

A. CAPITAL COST 

1.HT LINES (3-Phase) 

a.Mole KM. 470.5 25099 11809 633.40 30119 19077 -7268 -62

b Squirrel 
 Km 9.4 34000 320 89.50 40800 3652 -3332 -1041
 
c.Gopher K 77 9 36725 
 2862 	 46.10 44082 2032 830 23
d.Veasel Km. 40591 0.00
9.5 386 48709 0 386 100 
e.Rabbit 
 KA. 58.2 54319 3161 67.10 65183 4374 -1213 -38f.Dog K. 39.1 93078 9224 15.60 111694 1742 7482 81
 g.Panther Km 219.4 133088 29200 40.30 159706 6436 22764 78
 

Total 	 944 00 56962 892.00 37313 19649 34
 

2 OISTRIBUTION TRANSFORMERS
 

a. 5 kVA :1o. 
229 10260 2350 229 14917 3416 -1066 -45
b. 10 	kVA "to 64 11912 762 64 17601 1126 -364 -48
 
c. 15 kVA 111 1b 13500 203 15 20182 303 -100 -49

d. 20 kVA No. 13 15616 203 13 23622 307 -104 -51 
e. 25 kVA N1o. 68 17765 1208 A8 27114 1844 -636 -53f 50 kVA NJo. 118 25281 2983 110 39331 4641 -16S8 -56 
g 100 kVA No 104 4.'122 4A85 10A 6608, 073 -"75 
h 200 kVA No 59 60307 3558 59 91318 5388 -1830 -1
 

Total 
 670 
 15752 670 23898 -8146 -52
 

3.CAPACITORS
 

a.Switched kVAr 200 2739
2739 548 
 240 657 -109 -20

b.Fixed 
 kVAr 5479 125 685 5479 150 822 -137 -20
 

4.AUTOMATIC VOLTAGE 
 kVA 2808 S0 1404 2188 600 1313 91 6

REGULATORS 

File Name: TABLE6-6.vkl F / 662 



TAKLE T6 - 6 

CASE STIUDES FOR TECHNICAL ANALYSIS 

CHOICE OF PRIMARY VOLTAGE (11 kV or 33 kV) INNyFP. OISTRICT 8ANNU. TEHSIL LAKXI MARUAT. 

No DESCRIPTION UNIT --
QTY 

11 kV 
-

RATE
Rs. COST

Rs.(000) QTY 

33 kV 

RATE 
Rs. 

COST 
Rs.(000) 

5.SUBSTATION COST 

(132/11 & 132/33) 

MVA 35 1000000 35000 35 800000 28000 

6.TRANSMISSION LINECOST (132 k0) Km 44 1050000 46200 33 1050000 34650 
Total Capital Cost 

7. EERG' LOSSES kWH 2067515 2 

156551 

4135 210125 2 

126653 

420 

8. PRESENT WORTH OF COSTS 

I.Energy Lusses Rs.(000) 
2.Capital(Including 0&M)Rs.(000) 

27567 

208213 

2800 

168448 
Total 235780 171248 

COST OIFFElCE

(11 WV-33 kV) 

R3.
 
(000)
 

7000 20
 

11550 25
 

29898 19
 

3715 90
 

24767 90
 

39765 19
 

64532 27
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TABLE76-7
 

CASE STUDY FOR TECHICAL ANALYSIS 

RECJ
.RAIZED
GENATION OPTIOS FOR ELECTRIFICATION 
CF A TYPICAL T LL (10 H? 

No. DESCRIPTICON .it IESEL SOLAR 11 MICRO 
HYDEL 

A BASIC DATA 
EFF. lIPFOR WIND GEN 10E00.85 1 

I Life Yrs 7 20 12 30 
DIESEL EN. EFF
DIESEL COCSLMPTIOIN 

O.175Pu 
350 gm/Bff/Hr 

2 Engine/lMotor Size HP 12 10 10 10 
CF AT CVSTFR 
LOAO FATOR 

0.8125 
1000 Hrs 

3. Size of FV Array 

enerator Size 

kv-

-" 

7.5 

-

-

8.8 

-

6.1 

COSTS:- DIESEL GENERATOR 

- VINO GENERATCR 
9257 ;S/kW 

33879 RS/KW 

Energy Re( 1rement/Cutput 

9 CAPITAL COST.. C. .....CO~ET-

l;h 7460 7460 7160 7460 
- PV ARRAY 
- BATTERY FCR FV 

- M1ICROHYDEL 
G6E./TRANS/OIST 

131000 AS/Ky 
3440 AS/Ki 

270() AS/KV 
30000 RSKW 

Engine/Motor is 3000 6600 6600 6600 - DIESEL/LITRE- ENGIK,OIL/LIT;E 3.5 RS/LITRE3 RS/LITRE 

2.PV Array/Wina Generatorl - ELECTRICITY 0.61 RS/K6, 
Central Grid Generation Rs - 1035000 298135 164700 ohm 

Tota1 8000 1041600 304735 171300 - IESEL 
- YINO 
- MICRO HYDe. 

0.2 pu
0.05 pu 

0.05 pu 

C OPERATING EXPENSES CENTRAL GRID 300 Rs /ky 

I . Cost Rs. 5015 0 15237 856 
DIESEL CO"SITION 
OF 

5122 
0.1 Pu 

2 Fuel/Energy Cost Rs. 17927 0 0 0 
Total 22942 0 15237 6565 

0, TOTAL AIN4UALCOSTS 

I.Annualizedi Capital Cost Rs. 1643 122,46 4724 18171 

2 Operating Cost Rs. 22942 0 15237 SS65 

Total Rs. 24585 122346 59961 26736 

Cost/kWh Delivere Rs. 3.30 16,40 8.04 3.58 

FILENA1E : TABT6-7.'.Kl F / 42 ASA 
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TABLE Tb8-9
 

CAESTUOY FOR TECHNICAL WNLYqIs 

4< fE ~UCENTRAL1ZE 6EERATIUON TC O ELECTRIFICATION. 
~TYPICA' OF VILLAGE INPUNJA6. 

'Aj ~DIESELE-RP S0LAR 3 7'7I,~ ~ETA.
m 

PARAM'IETERS 

HPBEE~ 
 10 HFP
 
:rr FOn"WIND GEN 0.85;

DIESEL ENG, BASE- EFp, (1175 pu

DIESEL CONSLJ1WTION 35(1 gm/e*H/Hr

CU ATacUSTMER 0.76470
 
LOAD FACTOR 
 17K2-Hrs-
LENGTH OF 01ST. LINE 3 KM 

CSTS:
 
-DIESE GEERATOR 4800 RS/KW


7'~'- IND GENERATOR 25700 RS/KW

-PVRRAY '
 
BATTERY FORy ',440 RS/KWH
PV ' 

-MICRO HYDEL .270W0RS/W 

-6E.ITRMW/nrST, 30000 SK
DIESL/LTRE3-5 RS/L<ITRE2 =ENGINE OIL/LITRE a8RS/LITRE
 

ELEC.TRICITY 0.61 RS/KWH

-DISTRIBUTION LINE S6000 RS/KM 

- IND; 0.05 pu

iCA:, HYDEL :05 p11
 

- CWRAL GRID 
 - 0.0 pu 

DIESEL COVMtPTIONl 164021 LITRES a 
/AI0.1 p s 

ellFqa . r~ 

F 4a a 
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----------------------------------------------------------------------------

----------------------------------------------------------------------------

TABLE T6-9
 

CASE STt1Y FOR TECHNICAL ANALYSIS
 

DECENTRALIZED GENERATION OPTIOCS FOR ELECTRIFICATION 
OF A TYPICAL VILLAGE INSING 

No. DESCRIPTION UNIT DIESEL SOLAR WINO 	 MICRO CENTRAL
 
HYDEL GRID
 

PARAMETERS
 

TVBEVELL HP 

EFF. FOR WINO GEN 

DIESEL ENG, BASE EFF 

DIESEL CONSUMPTIO-N 

CF AT CUSTOMER 
LO4A0 FACTOR 
LENGTH OF DIST LiNE 

COSTS:
 
- DIESEL GENERATOR 

- WIND GENERATOR 
- PV ARRAY 

-BATTERY FOR FY 
-MICRO HYDEL 

- GENE /TRANS/DIST 

- DIESEL/LITRE 

- ENGINE OIL/LITRE 

- ELECTRICITY 
- DISTRIBUTION LINES 

O&lM
 
- DIESEL 

- WINO 
-MICRO HYDEL 

- CENTRAL GRID 


DIESEL COMSUMPTION 

OF 


10 HP
 
0.85 % 
0 176 pu 

350 gui/BHP/Hr 
0.76470
 

1489 Hrs
 
3 KM 

5000 RS/KW
 
25700 RS/KW
 
18000 RS/KW
 
3440 RS/KWH
 

27000 RS/KW
 
30000 RS/KW
 

3.5 RS/LITRE
 
8 RS/LITRE
 

0.61 RS/KWH
 
56000 RS/KM
 

0.2 pu
0.0$ pu 
O.OS pu
 
0.05 pu
 

128217 LITRES
 
Ol pu
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d,Saa- y.., 
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S- .a 2 CPITAL COST' 
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-- ---------------------------------------------------------------------------

---------------------------------------------------------------------

TABLE T6-I0
 

CASE STUDY FOR TECHNICAL ANALYSIS 

DECENTRALIZED GENERATION OPTIONS FOR ELECTRIFICATION
 
OF A TYPICAL VILLAGE INWFP.
 

No DESCRIPTION UNIT DIESEL SOLAR wINO MICRO CENTRAL
 

HYDEL GRID
 

-


PARAMETERS
 

TUELL H 10 HP 
EFF. FOR WIN GEN OS % 
DIESEl. ENG. BASE EFF 
 0 175 .;

DIESEL CONSUMPTION SO gml/HP/Hr

CF ATCtSTCAR 0 76470
 
LOAD FACTOR 2190 Hrs
 
DISTRIBUTION LINE 
 3 KM 

COSTS: 
-DIESEL GENERATOR 5000 RS/KV
 
- WIN GENERATOR 2S700 RS/KW
 
-PV ARRAY 138000 RS/KW
 
- BATTERY FOR FV 3440 RS/KWH
 
- MICRO HYDEL 27000 RS/KW
 
- GENE /TRANS/DIST V000 RS/KW
 
- OIESEL/LITRE 3.5 RS/LITRE
 
-ENGINE OIL/LITRE 8RS/LITRE
 
ELECTRICITY 0 61 S/KWH
 

- DISTRIBUTION LINE .6000 RS/KM
 

O&M
 
- DIESEL 
 0.2 Pu 
- WIND 00S pu 
-
MICRO HYDEL 00S pu
 
- CENTRAL GRID 005 pu
 

DIESEL COMSUMPTION 166652 LITRES
 
OF 0O1pu 
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T~~~ AB 6 

DECENTRALIZED GENERATION OPUMS*FOR'ELECTRIFICATION
 
~I.IOF ATYPICAL, VILLAGE INBALUCHISTAN.
 

No DESCRIPTION UNIT DIESEL W~R VIND CENTRAL 

A.EAIC DATA 	 .l; 
T IL i Ie 7 3012~ Popu Ition2 Th 

S 2,Generator Size kU26w2 16 Nuaber of Households No. 7 

3 P9 Array Size LU  - Nubr ot Custoers-~ 1 

A Batry Size, Lii 15000N .& o i NO. S1 
- - Cbmiaut y NO,'

Energy Output 	
-b,I

4 33 33 	 33 33 i~~40,rca 
' d,d SiI1 rI.:nutry NO. .8 CAPITAL COST e.*Tuttweil for Uatearl ' 

PVArray/Geniritor/ f.St i Lihin O 
Ccrtral Grid Genration Rs, 364000 134504300 6760i ( 912000, 

Invror/BIatery- R5 0 ;a1vv01 0 	 - En&ig( UntlSion 31 
7---------


ITot -: 	 ;I' .6400 Jj66i,-67500W S912000 ~ - WIK~A Di&~fd ~ kv 
.V... .
 . . . . .. . . ... -'-1 -- -- - -	 ---- - -- - -- 

EXESS-Load 	
- - --

Factor PU ,1 

-II JI U MCo Rsi 7280- U2S5600~ 33750 4S600 	 -I 

Lute OlRs. oI'O 036I~ 0 11 I
 

1 F~ Rs, 0 0 20 130'
ue IEnerqy Cost 	 72254 
-.-1'- - - 

-

-~- - ---------


oil ivri Iot/kk 4 
-~~70 1-4-,9I-l-

%1 -------------T- -- - ---	- - - -O ----
T- A T -- -- --- - -f - - - - -- - - --

VIII6-1 I W- 4Z> VII' 



1-&E 76-11 

CASE STtOY FOR TECiNICAL ANALSIS 

XCENTRALIZED GENERATI COPT!ONS FOR ELECTRIFICATIC1 
A TYPICAL VILLAGE IN BALUCHISTAN 

No. C.SCIPTION NIT DIESEL StAR WINO CENTRAL 

GRID
 

PMRAPETERS
 

TUBEVE.L WP 10HP
 
EFF FOR WINO GEN 0 9, 1
 
DIESIEL ENG BASE EFF 0 17S Pu
 
DIESEL M~IPTUICJ 350 q%/BHP/Hr
 
CF AT CUSTOMER C 7470
 
LOAD FACTOR ISS6 Hrs
 
LENGTH C DIST LiNE k.M
 

COSTS: 
- DIESEL GE RAT;,OO S,'Kv 
- VIND GENERATC(R 27000 RS/KW
 
- PV ARRAY 138000 RS/Kv
 
- BATTERY FOR FV 3440 RS/KWH
 
- MICRO HYDEL 27000 RS/KW
 
- G /NE.ITRANS/DISI 36000 RSIKU
 
- DIESEL/LITRE 3S RS/LITRE
 
- EN6INE OIL/LITRE 9 RS/LIT9E
 
- ELECTRICITY 061RS/K;A4
 
- DISTRIBITION LINE S6000 RS/KM
 

0 1
 

- DIESEL C2 pu 
-WIND 0 05 Pu
 
- MICRO HYCEL ? 05 pu
 
- CENTRAL GRID 0 0; ru
 

DIESEL CCSMTICt 20644 LITRES 

FILEWIE :TABT6-1WKI F 4 ASA
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CAS M , F6 M- CLiWY. 

H'OCEW.RALIZ0EGNERAT1OIN OPTIONS FOR ELECTRIFICATION 
CIFA TYPCJ.RUAL AREA'IN PUNJA.' 

-

No, ESCRIPTION (INI I DIESEL. S(AR VID ICAO CENTRAL 
HYMa GRID 

A BASIC DATA 

1.Life 
 7 110 12:. 3a P I0
aion~
 
2. Generator Size ~ 37502 . - 35716 31118 237% NLAbir of 

iArr& USize4FV 
- 35716  *rof Ci 

4 Bttery Siza -~ 2 AI~Ih -i96 Doitstic 
S Erirjgy Outputrr 65 6W45 E6d564645 ~ cC~pa 

a CAPITA 3 . - Ind 

1 PV Ara/Ggrirai,5f V StriIYLi] 

2lnwtor/Battcrj 
 0l 71840 0,. 0 Ener icons4 , 
70tal 
 .157508400 56659ld6240 910759M0 84M16000 71386000 ?NajiA Dkun:d 

- 7 


Lo-ad Factor, 

1'0&mi 
----


Cost Rs. 3150168 3685912 465379W~ 4200930 55694(W -<4. 

S2Luba Oil Rs 4 0 0 

3Fuel/EnrNj Cost Rs. 14909679 0 0> - 0 40SWSO5 

:Ttl202822726 M385912 -45537900 42009300 - 7620650
-


-
 -


0- TOTA ANUAL WSTS 

A- I-'.uilll" COp-t-- Cost. Rs5 2-,M22S 665753832 M69)2S74 89 1A37300 72
 
Ci fah19 os AsII 20272 368S891 4--Au,42 76249K50 - - - - - - - - ----- --------- - --~~b- ---- - Y 4 

-- I ).:574951: -131153035 lT7022612295 179237174 159918 yle-w i-----------et~ - ---------- I ---------L - - -- <  -- A
owI /LIverE-It A~ V, 

16 S7 019
 

IL i AT -MM2 I 
4)AS 

44 46 
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~TAKLE T6-1~A" 

OECNTALZE GEEAIN(TO FOR ELECTIFICATION~OF ATYPICAL RURN. AREA INRPNJf-

No ECITO. NITDIE L 'SOLAR wifjo , RL (EJTRA 
Hy0EL
 

PeARAMETERS ~1 

TUBEVELL, HF i' +10 HP
 
EFF. FQR WIND GEN082
 
DIESEL ENG !SASE EFF 
 0 7 PL;
 

CF AT, ClUSTCIR 0,76470
L040 FACTOR 2190 Hrs ' i" r 

- DIESEL' GENERATOR 4100 RS/KW 
" ' : " '= 

? i :i; ili ,]i~i l l ii:;lkl - WIND ,GENERATOR '! i '.i ~ il~ l ~ l'i~l ...... -i ']iii' I I l~ l :i25500 RSlf(U i! i :.! i~i ',S . . . . . . . . . . . . . 

- BATTERY FOR PV 34A0 RS/KUH
 
- MICRO HYDEL 27000 RS(KW
 

44- DIESEL/LITRE 3.5 RS/LITRE
 
- ENGINE OIL/LITRE P 8 RS/LITRE
 
- ELECTRICIIV 0.61 RS/KWH -' 

A44~ O&M 
DIESEL > O pu i;,i-i;i, i iii ]l44-+4--

. *''V9.!4I~ 0.05 pu " '' ~ i'~ifI~i71i 
MiICRO HVOEL L)Os Pu

:,::')l~iIIIII~li3 iO RS~i!(i~~i~ !:!5ii ! 11 i/T N Dii,CENTRAL GRID --
I)!I ! 1! ! i; i:!i~iiiii!,! il ii:i :i~iiiiii~i!iii 'i i.),ii, i::.. i~i, iii 4-, 44!iiiii,(I u4 4 -~~ii~ii, ]'iI!iBI~!IE=]ii i:ii!!~i : i~~1, .+4+4 - ir4~~ i?!! ,ii i~ i i l 

os 
R K ii I!ii, ,i:;:i ii4):ii]! ii :1i:i i+4 ! :ii 0 +4i! :i:iI! 4I,#iiiii!i!:1!!ii~ ! 4 4-~~ i i!! ii:! iiii~!~ iiiiii :i) !!~?!):iiii i::.!;i'4.4 ,4ii4444!

DIESEL COMSUtiPT ION 4E7LTE
 
4$. + 


:: i ;i : ;:i L4 I / I] I ':!S iIii :ii i ,) 4:] <]
 
DOFi 

TAGT6 -12 
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,.. .. ..l 
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42k 
il ~ ilAE+: , 'i 

I'S 
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.-
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TALE T6-13
 

CASE STIUDY FOR TECHNICAL ANALYSIS
 

DECENTRALIZED GENERATION OfTIONS FOR ELECTRIFICAJICtN 
OF ATYPICAL RURAL 4REA INSIND 

------ ---------------------------------------------------------------------------
No. DESCRIPTION LIT DIESEL SOLAR WIN MICRO 

HYDEL 
CEINTRAL 

GRID 

----- ----------------------------------------------------------

PARA ERS
 

TLELL IP 
EFF. FOR IND GEN 
DIESEL ENG. BASE EFF 
DIESEL COt(S, TION 
CF AT CUSTOMER 
LOAD FACTOR 

COSTS:
 
-DIESEL GENERATOR 

- WIND ERATORES 
-PV ARRAY 

-BATTERY FOR PV 

- MICRO HYDEL 

- GENE./TRANSIDIST 

-DIESEL/LITRE 

-ENGINE OIL/LITRE 

- ELECTRICITY 


O&M
 
- DIESEL 
- WIND 
-MICRO HYDEL 
- CENTRAL GRID 

DIESEL CCMWStTION 

OF 


I0HP 
095 Z 
0 175 pu 
350 gn /BHP/Hr 

0 76470 
1540 Hrs 

4200 RS/KW

2500 RS/KW 
138000 RS/KY 
3440 RS/KWH 

27000 RS/KW 
30000 RS!KW 
35 RS/LITRE 
8 RS/LITRE 

061 RS/KWH 

02 pu
 
00s pu
 
0 05 pu
 
0105 Pu 

IE+07 LITRES
 
Opu
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TAKE T6-14 

CASE STUDY FOR TECAICAL ANALYSIS 

DECENTRALIZED GENERATION OPTIONS FOR ELECTRIFICATION 
OF A TYPICAL RURAL AREA INNWFP 

No 
-------------------------------------------------------------------

DSCRIPTION UIIT DIEHEL SOLAR ',NO MICRO 
HYDEL 

CENTRAL 
GRID 

---- -------------------------------------------------------------

PARAMETERS
 

TUBELLHP 

EFF. FOR WIN GEN 
DIESEL ENG. BASE EFF 

DIESEL C$'OiFTION 
CF AT CUSTOtER 
LOAD FACTOR 

COSTS: 
- DIESEL GENERATOR 
- WIN GEIERATOR 
-PV ARRAY 
BATTERY FOR FV 

- MICRO HYDE. 
- GaE./TRANS/DISr 
- DIESEL/LITRE 
ENGINE OIL/LITRE 

- ELECTRICITY 

Olm
 
-DIESEL 

- WIND 
-MICRO HYIJEL 

- CENTRAL GRID 

DIEKL COISUMFTION 

OF 


10HP
 
0.8S %
 
0 175 Pu
 

3SO gm/BHP/Hr
 
0 76470
 

2716 Hrs
 

42.00 RSiKW
 
2SSO0 RS/KV
 

133,000 RS/KW
 
3440 RS/KWH
 
27000 RS/KW
 
?0000 RS/KW
 

3.5 RS/LITRE
 
8 RS/LITRE
 

0 61 RS/KWH
 

02 pu 
00S pu
 
00s pu
 
0 05 pu
 

'E*07 LITRES
 
0.1 pu 
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