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Distinguished Guests
Ladies and Gentlemen

PREAMBLE
I am hereby thanking God for making today a reality. To Him
be the Glory. By the general interpretation here, an inaugural
lecture delivery is a "discharge certificate" for a professorial
chair occupier.

Inaugural Lecture has become a well-established tradition in
the University of Lagos. Thus, the one I am about to give will
not be an exception. The Authorities of the University of Lagos
should be saluted for their continued moral and financial
support for every inaugural lecture delivery. This gesture has
been a source of encouragement to every inaugural lecturer.
Mr. Vice Chancellor sir, as we say on on this side of the globe
"more grease to your elbow", please keep the flag flying.

After much thought, I finally settled for the topic of today's
inaugural lecture - "Power Demanded but NOT Supplied:
The Agonising Roles of Emergency Power Supply and the
Transmission System Inadequacy".

All of us here will agree with me that virtually every aspect of
our life depends on electric power. Once this power is not
available from the conventional source (i.e, the National
Electric Power Authority, NEPA), we become disillusioned and
frustrated. Some people (very small percentage of .the
population) or organisations in the citizenry who can affbrd it
make effort to locally make such power available. But as we
shall soonfind out, this does not fully solve the problem since it
is not 10l'}glasting. The conventional source of electric power
(such as Egbin Thermal or Kainji Hydro Power Station) needs
to be linked with the consumer in a three-staged process:



transmission, distribution and mains servicing. It is the
deficiencies in this triangular problem that the content of
today's lecture seeks to address.
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1.0 INTRODUCTION
Power Engineering is in the class of the "Heavy Current"
division of Electrical Engineering while Electronics
Engineering, including its allies, spearheads the 'ILight Current"
division. r specialise in Power Engineering with emphasis on
adapting the concept of Reliability to Electrical Power Systems.
My seeming emphasis on- the power sector in this lecture is
based on the fact that it holds the key to the operation of all
other engineering disciplines, and even those that fall under
electrical engineering itself (i.e., electronics,
telecommunications and computer). It is a well-known fact that
our lives are driven by electrical engineering products.
Actually, although the various aspects of Electrical Engineering
were discovered about the same time as Mechanfcal
Engineering, their impact on the society was felt more in the
area of provision of electricity. Imagine the jubiliation 'among
children that greets the restoration of power. In Nigeria, for
example, any power outage is greeted with frustration and
anger. It virtually connotes end of living. To wit, we cap say
that electrical power is indisputably required for-comfort in work
places and at homes.

2.0 OBLIGATIONS OF MODERN ELECTRICAL POWER
SYSTEM TO THE SOCIETY
The behaviour of an Electricity Industry such as National
Power Electric Authority (NEPA) should be dictated by a dual
consideration: (1) the expectations of society regarding
electricity production and (2) the nature of this production.
From the point of view of society, the objective of an electric
utility is to provide a reliable supply of energy .at minimum cost.
The term 'cost' needs to be understood in its more general
sense of social as opposed to economic cost. It includes
judgements on such aspects .as the value of a sound
'environment, .the cost of load shedding to
customers/consumers, the desirability of a tariff structure
equitable for all classes 'of society and so on. These
expectations of society, together with the fact that electricity
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has become such an important part of everyday life, act as an
inducement on utilities to rationalise their operations.

The form which this rationalisation process can take is
influenced, to a large extent, by the nature of electrical energy
production. From an economic point of view, the power
supplied when the system meets its peak demand is
considered a different product from the power supplied when
demand reaches its lowest point 1 This stems from the fact
that the consumer cannot store electricity in any significant
quantity. Hence, one important characteristic of electricity is
the time of day or year when it is made available. At the limit,
the power that can be supplied at each instant in the year can
be considered a different product from that at any other instant.
Each product can theoretically be characterised by its. own
curve for elasticity of demand (i.e., a curve relating variations
in demand with variations in price). The discrepancy between
demand levels at peak and trough in the same year offers a
measure of time differentiation to which these products are
subject in the eyes of the customer.

In order to fulfil its prime obligation as best as it can, the
electricity industry is involved in a continuing planning process.
The process constitutes a permanent adaptation to the
conditions to be taken now in order to meet the contingencies
of an uncertain future. For example, generation system
planning is one of the most crucial steps in planning the
expansion of a modern electric utility. Decisions and
commitments made at this stage have a tremendous effect on
all phases of system expansion and dictate the financial
posture a utility must assume. Thus, a sound plan for
generation system expansion is crucial to the success of any
electric utility. In broad terms, a suitable generation expansion
plan must provide the electricity utility with the capacity of
meeting customer needs for a reasonably priced, reliable,
quality electric energy source.
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Of course, every investor-owned utility must consider only
those expansion plans that will enable it to maintain a sound
financial posture and hence to attract new investors. The
electric utility industry is a very capital-intensive industry, a fact
that continually requires the industry to seek externally
generated funds to finance construction. Choosing a
generating system expansion plan among the many available
to an electric utility is complicated, especially since all utilities
must strive for the best strategy in an environment of
uncertainty.

In addition to the uncertainty inherent in forecasting future load
requirements, the planner must deal with the uncertainties
associated with unit reliability and maintenance schedules, fuel
costs, pollution abatement, legislation and cost of capital.
System planners must prepare themselves to account for such
uncertainties if the electric utility industry is to survive in its
present form.

3.0 TRAVAILS OF THE POWER INDUSTRY IN NIGERIA
Electricity was introduced to colonial Nigeria with the
installation of a generating station in 1892. It was a coal-fired
thermal station. The development of the power industry
followed largely this trend until independence in 1960. The
first hydro-electric power station was commissioned in 1929 to
supply power for the mining activities on the Jos and
surrounding plateau. The station is probably the oldest
functioning station today.

The Federal structure of the Nigerian government at
independence and with the region having greater control over
their resources supported the establishment of power.stations
at convenient locations to the major inputs: fuel and water.
These stations were connected to form the national grid l¥nder
the control of the then Electricity Corporation of Nigeria (ECN).
As a means of exploiting the proven hydro-electric potential of
the nation, the Niger Dams Authority (NDA) was established to
harness the generating potential of river Niger.
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Kainji Dam was completed providing more generation capacity
afte.r which both ECN and NDA were merged to form today'~
National Electric Power Authority (NEPA) Some of the
questions that agitate the mind after over thirty years of
operation of NEPA are

Would the merger of ECN and NDA have been
possible if the post independence federal setup were
not replaced with Military Unitarism?
What would have been the benefits of allowing the
NDA to exist as an entity, generating power and selling
It to ECN? Would this action have encouraged similar
status to spring up?

These and other pertinent questions even become more
relevant now from the fact that in its over 30 years of
existence, NEPA could not lay claim to a single yearin which
Nigerians do not complain of incessant power failures

4.0 ENERGY DEMAND AND POWER DEVELOPMENT
PROGRAMME IN NIGERIA
The first decade after independence witnessed a lot of
industrialisation efforts and showed the pattern of growth of
energy demand. In recognition of the importance of this
industry, studies were commissioned and it was a major item
in development plans. The load growth was found 1 to be in
the range of 15-22% per annum. It was also discovered that
this was limited by the generating capacity and other supply
facilities available then and not due to a lack of demand. The
study .furt.her revealed that embarking on a country-wide
electrification projects would bring a rapid growth in the
demand thereby opening up new areas of investments and
growth. As at January 1973, the total load demand was put at
34a MW and this was expected to rise to 1607MW by 1983.
DUring the same period, the generating capacity was in the
range of 465 - 620MW. Note that the upper limit was
achievable whenever Kanji Dam is able to attain its optimum
water output.
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At the end of the decade under consideration (1983), the
expected input from Kanji hydroelectric plant was 400MW.
This implied that new plants capable of generating at least
1600MW should be provided by 1983. This called for massive
investments of fund in generating capacities and the
associated transmission and distribution infrastructures if a
constant supply of electricity would be guaranteed.

As we are aware- the assessment made in January 1973 did
not foresee the Yom Kippur war of October 1973, and the
subsequent Organisation of Petroleum Exporting Countries
(OPEC) oil diplomacy. This was the beginning of the OIL
BOOM of the mid seventies and early eighties, which caused a
rapid growth of the nations' economy and by extension, the
actual demand of electricity by 1980 was already surpassing
the forecast for 1983.

By 1976, power rationing and outages, which had become the
order of the day were blamed on several factors notable ene of
which was the low water level at Kainji dam and sometimes the
meagre contractual supply to Niger Republic. The latter being
a trade off against the possible intention of the Nigerien
government to dam the river Niger upstream, a situation, if
allowed to materialise, would have compounded the situation
on ground.

To appreciate some of the problems faced by the power
industry, it is necessary to point out here that the total capacity
of all possible hydroelectric resources as at 1973 was put at
131OMW. That forms the basis to show that investments in
other sources 'of energy was inevitable. The optimum choice
available was the fuel-fired thermal plants-oil, gas or coal-fired.
As the nation has abundant oil and gas resources, and the fact
that gas-or oil-fired plants are less capital intensive in terms of
installation and maintenance, the choice of gas/oil plant was
natural. Even though financial estimates of required
development programmes were available, the time lag which
usually characterises the process of policy formulation,
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development planning and implementation. contributed to the
fact that supply fell far behind the demand during the second
half decade of the seventies.

With the oil boom of the seventies spilling over to the eighties.
there was a significant boom in the industrial and commercial
sectors. This boom raised the demand far beyond the
projected value, with the power supply dwindling the more.
This brought about another boom in the trade of generating
plants. The use of diesel or petrol driven generating plants
which was meant as short term standby measure gradually
turned to a more permanent feature. thereby more or less
rendering the power supply from NEPA a mere standby if and
when available.

As we are well aware, the oil boom did not last long before
there was a burst in the eighties and into the nineties. .The
crash of the oil market unfortunately caught the nation's policy
and economic planners unawares due to the unbridled
spending sprees of the time. The external debt had increased
greatly while most of the development projects that could serve
as succour were in various .staqes of execution with several of
them recording little or no progress while others had been
completely abandoned'.

5.0 EFFECTS OF POWER DEMAND AND POWER
SUPPLY INEQUALITY IN NIGERIA
The energy supply witnessed an unprecedented decline in the
last two decades. The multi-faceted problem covered the
three key areas of operations viz: generation, transmission and
distribution in various dimensions. The generation was
plagued by inadequate resources to maintain and improve
upon the existing facilities, while efforts at developing new
facilities could not match requirements. To this extent. out of
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the total installed capacity of 5870MW in 1999 only 3000 MW
is currently available for distribution to consumers, which is not
enough and even less than the average national demand.
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Looking back in history as mentioned earlier on,. the bur~t of
the oil boom of the early eighties coupled with unbridled
axtravaqance of the goverhments of the day resulted in the
serious economic mal-adjustments. Whereas the 011 boom of
the mid and 'late seventies served as a catalyst for rapid
expansion of industrial and commercial activi.ties .. it. quickly
dawned on Nigerians that there was a gross Insufflcle~cy I~
the electric power supply. This led to entreprene~r~ having to
add the cost of.providing alternative power supply (I.e stand~y
generator) to their take-off and the running cost budgets ..~hls
did not augur well for production and economic activities.
Manufactured goods and services were therefore rendered
more expensive compared to those from ot~er econo~~es.
This situation prompted me to carry out detailed study . In
1985 on the UNILAG alternative power supply in the face LDf

NEPA's incessant power outages.

6.0 COSTING THE ENERGY DEMANDED BUT NOT
SUPPLIED - THE UNIVERSITY OF LAGOS EXPERIENCE
in the first .phase of the study carried out. the energy
demanded but not suppTIed was costed with reference to the
generating capacity of the stand-by .ge~erating sets on Ak?ka
campus. The socio.-economlc Implications of these electrical
power supply outages were investigat~d in .the..second p~ase
of the study. This aspect of the Investigation has .dlrect
bearing on the actual users of electric ene~gy when available.
In totality. the investigation seeks to provide ~nswer~ .t? the
usual questions of what becomes of the productive activities of
these direct users during anyone power outage. The effects
on their possible idleness and on the salaries received without
work we"re studied against the background of a ready standby
power generation.

6.1. METHOD OF ANALYSIS .
The procedure adopted involved'a priCing policy. T.his ~ollcy
which embeds a 'factor of subsidy on the part of University of
'Lagos is devised for the stand-by generating' sets. . The,
resulting priCing policy is based on the Installed capactty of
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these generating sets and their associated distribution units.
The costing procedure adopted accounts for the fixed cost of
these generating sets, their associated distribution units. the
running cost associated with the fuel cost and .the
maintenance costs in terms of lubricating. oil replacements
after use. The NEPA's operating tariff is analysed as it affects
the University of Lagos energy consumption pattern.
Consequently, a comparison is made between the cost of
using NEPA's power supply (assuming there are no outages)
and the cost of locally generating the required power using the
generating sets (assuming there are outages of NEPA supply).
Relations exist among reliability, outage costs and investment
costs. The most problematic of them all is the value of the
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outage costs. Suitable methods exist that are suitable for
calculating the costs of damage and losses due to outages.
The general problem of these methods is the uncertainty of the

.-specific value of the outage costs. This is. the reason why
calculation results regarding complex network systems or
complex industrial groups· must be considered only as
information on the order of the magnitude of the costs. On the
other hand, more correct calculations can be made on
individual, industrial or' commercial consumers such as the
University of Lagos main campus. 'In that case, specific values
of outage cost can be decided by the consumer according to
the special circumstances of the production. This is the
guiding philosophy we adopted in this study.

6.2. THE NEED FOR STAND-BY GENERATION
It is when a consumer finds NEPA's power supply erratic that
he resorts to an alternative ....supply system. Just like any other
heavy consumers of electricity, electrical energy is increasingly
used to provide continuity of life on campus in alJ its
ramifications. Ideally, everybody will normally opt for
uninterrupted power supply. But in the case of the nature of
'NEPA supply to campus, this ideal case is questionable and
since electrical energy as a "manufactured commodity" cannot
be stored, it must be consumed immediately, thus the electrical
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power supply failure creates a gap in the. continuity of life on
campus. It is the alternative power supply In the form of stand-
by generators that fills this gap. Thus, the need to carry out
cost analysis of the alternative generation resorted to by. the
University of Lagos with reference to NEPA power failure
arises.

One of the main objectives of costing is to relate cost to the
object on which money has been expended. These objects.
are in the form of cost units and cost centres. For the purpose
of this study, the cost units are the power failure time~ and the
electrical power generated by the stand-by generating sets.
This is so since a cost unit is related to any quantity of product,
service or time in which the cost may be accounted. On the
other hand, the cost centres are consuming centres. Electrical
energy generated and consumed is measured by en~rgy
meters and the unit of energy so read is later decoded Into
money through the use of tariff governing the type of load
identified.

Tariff construction is based primarily on the supply and
demand of electrical energy. The cost of supplying this energy
is dependent on three factors: the quantity ?f energy used, th~
consumer density and the type of load available. Therefore, It
follows that the objective of a tariff is to set a pricing policy that
has a reasonable relationship to cost over the whole range of
use and types of load.

6.3. EVOLUTION OF PRICING POLICY FOR THE
UNIVERSITY OF LAGOS GENERATING SETS
In general·, the method of electrical energy pricing is studied in

two parts
6
. These are the fixed cost component and the

runninq cost component. The fixed cost component
comprises the interest and incurred ~un? paymen~s on the
capital cost of generating. and transmission plant~ I.nsurance
rate and similar costs which are dependent on the size of the
installation but dependent on the kilowatt - hour generated.
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The second component, i.e., the running cost takes
cognisance of the fuel cost and the losses in the system all of
which are related to the kilowatt - hour generated.

6.3.1 Computing The Fixed Cost
A generating set together with its associated distribution units

7
costs the University of Lagos roughly about Pot1.5 x 106 with a
maximum generated power of 2MW at a lagging power factor
of 0.9. That constitutes the fixed cost. This can be expressed
in Naira per volt - ampere using direct proportion as follows:

. (L500,000XO.9) .Fixed cost = Pot = 67.50 kobo per volt-ampere
. 2000,000

Considering the life span of the generating' set, a factor of
subsidy is' introduced at this point in order to provide for a
reasonable amount of fixed cost. Also, a factor of subsidy is in
order here since the University of Lagos Authority will normally
provide some money to keep the substation working bearing in
mind that all expenses cannot be borne by the consumer of
power alone. Thus, based on the concepts of subsidy factor k,
the usable cost c of a generating set and its associated
distribution units can be expressed as

c=F
k

where F is the capital cost of a generating set. On choosing k
as 100, the subsidy - influenced fixed cost becomes

.Fixed cost = Pot.[150QOOOx 1 j
I00 2,00QOOO

0.9
per volt-ampere.

= N ( 1,50000Ox.O.9,= Pot0.675
1OOx2,00QOOO)

Note that k of 100 'is chosen so that the resulting fixed charge
can compare favourably with NEPA's operating demand
charge.
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6.3.2 Computing The Running Cost . .
Running cost is also known as energy charge. This IS
evaluated in terms of the cost of fuel consumption and the
related cost of unavoidable repairs and maintenance on the
generating sets' with its associated distribution unit~.
Therefore, to cost the energy generated, the running cost IS
analysed into two components: .
_ the diesel fuel consumption of the engines coupled to

the alternators, and
the maintenance and repairs iri terms of lubricating oil
replacements after use or being tested and found unfit
for continued use.

At the University of Lagos substation, two generators are more
often than not employed at any given time to supply the
needed power in case of NEPA supply outage and these are
powered by diesel engines. 'The consumption rate of each
engine stands at a maximum of 454.2litres per hour. Fro~ ~he
University of Lagos branch of the African Petroleum .(AP) filling
station, a litre of diesel fuel was sold for 11 kobo (then).
Therefore, for maximum output of the generators at 4MW, the
energy charge is calculated as:

(
454.2X2Xll)Energy charge = Pot . = N24.98 per MW-hr

4x 100

Each engine driving an alternator has a capacity for 7 drums of
lubricating oil and the characteristic of the engine is such that
the lubricant has to be changed either after 500 .hours of
operation or after it is certified unfit for .continu?us. use. The
tests normally carried out to arrive at this certrticatlon Include
viscosity and colour tests. A drum holds 2 ~a litres. of
lubricating oil. Super "V" grade of lubnc;:!tlng 011 .for diesel
engines sells for Pot2.50per litre (then). Thus, tor 500 hours. of
operation at the maximum power output of the twogeneratmg
sets, the running cost for the lubricant comes to



(
?IOX?X7X? )-)

N - - -. = N3.675 per MW-hr
500x 4

Thus, the pricing policy for the University of Lagos generating
station is made up of

Fixed charge of N 0.675 per volt-ampere.
Running cost or energy charge of N24.98 per MW-hr
for diesel fuel and N3.675 per MW-hr for lubricating oil
giving a total energy charge of
N28.655 per MW-hr.

"
6.3.3 The General Nature Of NEp·A Tariff Types
The power consumption of the University of Lagos is charged
under the commercial form of tariff as operated by NEPA. A
commercial consumer is one who uses his 'premises for any
purpose other than exclusively as a residence or as a factory
for manufacturing goods and services.

The cost of the unit of energy consumed is worked out by
using a two-part tariff. This is because the two-part tariff
provides an adequate cost representation where there are
wide variations in the hours of usage of power. The
components of the two-part tariff are the BLOCK and
VARIABLE BLOCK tariffs. The BLOCK tariff is a progressive
flat rate (in kobo) per kW-hr, with the annual consumption
segregated into series of "blocks" usually three or four at
progressively lower prices. This segregated charge is such
that as soon as the consumption overflows any particular
block, the additional units are charged at the lower rate
appropriate to the next-block and these put together give the
aggregated charge.

The VARIABLE BLOCK tariff, on the other hand, operates
differently. Here a charge is allocated for a fixed block of
consumption at a relatively high price and all subsequent 'units
at the normal running charge. 'It should be noted however that
the magnitude of the first -block depends on the maximum
demand or installed capacity of the consumer.
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The two-part tariff as applied by NEPA to the University of
Lagos power consumption is the schedule "C" cqntained in the
Tariff and Service Regulation for Billing booklet" (August
1979). Schedule "C" shall be large 3-phase service for power
in excess of 75kVA, having the following two parts:
Part a
• Power Demand Charge

1st 75kVA demand or less is N375.00 (minimum)
All Additional kVA demand at N5.00 per kVA or part
thereof.

• Energy Charge
1st 50,000 kW-hr at 6.5kobo per kW-hr
next 100,000 kW-hr at 6 kobo per kW-hr
next 850,000 kW-hr at 5 kobo per kW-hr
all over 1,000,000 kW-hr at 4 kobo per kw-hr

In addition to the billing above, there exists a DISCOUNT for
usi'ng a high voltage in-take. 11-kV attracts a 2% discount, 3%
for 33kV and 66kV while a discount of 5% is let off for a 132-kV
in-take voltage.

6.4. POWER SUPPLY OUTAGE DATA
Power supply failures were monitored" for 112 days during the
months of January, February, March and April. The duration
(in hours) of a power failure and the average power cost (in
MW) were recorded against each date in the monitoring
month. An 8-hour working period wasassumed (i.e., from 8am
to 4pm). The power failure days coinciding with weekends
were not used in the subsequent computations. Table6:4.1
displays the total power failure hours, the average MW power
lost and the corresponding average MVA power at a load
power factor of 0.85 lagging for each month.
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Table 6.4.1: Monthly A veraae MWand MVA Power Losses
Month Power failure Average MW!Average
(1985) hours Power ~MVA Power
January 33 3 3.539
February 50 2.98 3.506
March 51.75 2.65 3.118
April 56.91 2.88 3.388

6.5 COST OF POWER GENERATION USING THE
DEVISED PRICING POLICY
TabVe 6.4.1 was used to compute the fixed charge (or demand

. charge) and the running charge (or energy charge) using both
the standard NEPA tariff as discussed above and -the pricing
policy derived earlier on for the University of Lagos generatihg
sets. This ultimately leads to a comparison between the total"
cost of power generated by the University of Lagos generating
sets and the cost if the same power were to. be supplied by
NEPA for the period of failure hours.

Using January data for sample calculations, we have
* fixed charge = W (3.539 x 106) X 0.675 kobo = W 23,

820.75
Table 6.4.2 shows the month-by-month fixed charge
based on the University of Lagos Pricfng Policy.

Table 6.4.2 Fixed Charge

Month Average MVA Fixed Charge (W) I(1985)
January 3.539 23,820.75
February 3.506 23,66.50
March 3.118 2t,046.50
April 3.388 22,869.00 .

Energy Charge = W (33x3x28.675) = W 2,838.83
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Table 6.4.3 shows the month-by-month energy charge
Table 6.4.3 Energy Charge

Month Failure hours Mean Power Energy Charge
(1985) MW

C-.Janua!L 33 3 2,8}~~} __
February 50 2.98 4,272.58.- .--.------I
March 51.75 2.65 3,9_~~2..._~..

April 56.91 288 I 4,681.48 _

Combining tables 6.4.2 and 6.4.3 results in table 6.4.4 which
shows the month-by-month. aggregated charge for locally
generating power during the NEPA supply outage.

Table 6.4.4: Month-by-month aggregated charge based on
pricing policy.

Month Aggregated Charge (W)
(1985)
January 26,659.58
February 27,938.08
March 24,978.92
April 27,550.48.

. -

6.5.1 Cost Of Power Demanded But Not Supplied Using
Nepa's Tariff

Using January for sample calculations, we have
* NEPA's Demand charge:

January demand is 3529kVA
The first 75 kVA demand costs W375
Additional kVA at W 5.00 per kVA = W (3529 - 75) x 5=
W17,270.00
•. NEPA's demand charge for January =
W (375+17,270) = W17,645.00 .
Using the same process, table 6.4.5 is built up showing
NEPA's demand charge.
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Table 6.4.5. NEPA's Demand Charge

Month -·-------r----------- ---------..--.-,kVA Demand Total Demand Change (N) ,
(1985) (at 0.85 power factor) I ____ ------------J

, Januar.t 3529 _______.__--1~!-2.?~----______________~
February 3506 17,530'
March 3118 15,590
April 3388 16,940

*NEPA's Energy Charge
In the case of NEPA's Energy charge, columns 2 and 3 of table
64.1 are used in conjunction with the NEPA's two -part tariff
discussed above
For January, the total kilowatt-hour = 99
1st 50,000 KW-hr at 6.5kobo per kW-hr = W 3250.00
next 49,000 KW-hr at 6 kobo per kW-hr = W 2940.00
.• January total Energy charge comes to W 619000
Using the same process, table 6.4.6. is built up

T bl 646 NEPA' E Cha e .. s nergy ar e ---------- - ---_ .. - --
Month Total Energy Charge (N )
(1985)
January 6,190.00
February 9,190.00
March 8,478.25
April 9,946.00

Combining tables 64.5 and 64.6 results in table 64.7 which
shows the month-by-month aggregated charge for power
demanded but not supplied by NEPA.

Table 6.4.1: Month-by -Month aggregated charge based on
NEPA Tariff

Month Aggregated charge (N) I(1985)
January

- - -----------~--_i
23,83500 ------_ .._--

February 26,720.00 --..-
March 24,06825

..-
April 2.6,886.00
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6.6. OBSERVATIONS
Comparison of results in tables 6.4.4 and 6.47 shows that the
University will be paying less monthly if the power is always
available from NEPA. It shows that in the event of NEPA
power outage, emergency supply is made at a cost. Initially,
this may sound absurd, but when the socio economic
implication of the electrical power supply failure is considered,
the sense in providing an alternative generating source
whenever NEPA supply fails will be in the right direction.

7.0 SOCIO-ECONOMIC IMPLICATIONS OF POWER
OUTAGES -THE UNIVERSITY OF LAGOS EXPERIENCE
The economics of reliability of supplies has been the subject of
considerable debate. The cost to the consumer of .supply

10

interruption has been found to be difficult to assess, except
as to a general order of magnitude, and thus the general
conclusion is that there exists no firm basis of comparison of
incremental cost of improvement to system security, But as I
demonstrated In reference 3, individual, industrial or
commercial consumers such as the University of Lagos main
campus can be analysed for this single consideration of
costing power loss to the actual electric power' users. This is
a reasonable compromise since the early consideration is
normally given to that value a consumer would pay to restore
energy curtailed during a supply disturbance. This would,
however, clearly depend upon his application (i.e., what he
intends to use the electrical power for) and would consequently
vary substantially. Ideally, security costs and benefits should
be eguated at the point of consumption which implies that the
marginal costs of security to the industry should be equated to
the marginal value of security to the consumer. This choice of
an economic Index should enable strict appraisal of security
return for given investment. This is w'here the costing exercise
of energy demanded but not supplied becomes a. critical-
venture. f

2"!
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The University of Lagos main campus community consists of a
diverse group of working classes who use electrical power for
their day-to-day activities. Interruption of this power will affect
each class in a different way. For the sake of the analysis
undertaken in this study, the groups of the working classes
have been sampled with a view to getting representative
treatment. The four large areas into which the electrical power
usability is divided are:
(i) The secretarial staff and typists using electric

typewriters
(ii) The computer machines at the University Computer

Centre.
(iii) The University's library photocopying and bindery

machines (from commercial point of view).
(IV) The Electrical Engineering Machines Laboratory (as an

example of a laboratory or workshops where electric
power is greatly needed.)

7.1. METHOD OF ANALYSIS
9

The relevant data of power failure periods in hours as
monitored/recorded during the months of January, February,
March and April 1985 are as shown in column 2 of table 6.4.1
in section 6.4 above. The tabulation indicates the number of

.power loss hours during each of the four months. Details of
the day-by-day monitoring of the power failure hours within
each month are contained in reference 3

Each of the above-identified electric power consumption area
is analysed in the face of these monthly power-loss hours.
The supposed power loss for each of these areas is costed
using both the NEPA's standard tariff and the devised pricing
policy of the University of Lagos generating sets as formulated
respectively in sections 6.3 and 6.3.3 of this inaugural lecture.
Also, where applicable, the effect of these power loss hours on
the revenue generating capability. of each of these electric
energy consuminq centres is brought out for comparison
purposes.
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7.2 EFFECTS OF POWER LOSS HOURS ON TYPISTS
AND SECRETARIAL STAFF USING ELECTRIC
TYPEWRITERS
With the advancement in technology, most of the typewriters in.
use today are electric-powered. Also, for an efficient .and
smooth process of typing, clear vision from adequate
illumination of offices/typing pools is highly desirable. But once
there is interruption of power supply, this. category of workers
stays idle if stand-by generating source' of supply is not
available.

The cost analysis undertaken in this section will be in two
parts: costing the typewriter power and lighting power lost
when there is. power outage using (i) NEPA's operating tariff
and .(ii) the devised pricing policy of the University. of. Lagos
generating sets.

However, in the estimate of power consumed by this 'category
of workers, a number of assumptions need to be made in order
to simplify the analysis. These include:
(i) . all electric typewriters in use consume power between

75W and 100W; (ii) the illumination. power necessary
for each typist is supplied from a 40-watt fluorescent
lamp; (iii) the overall power factor of the load is 0.85
lagging; and (iv) the categories of secretary/typist to
use the 75-wat~ silver reed typewriters are the first
three categories of table 7.2.1 (shown below) while the
remaining categories used the 100-watt IBM
typewriters.

11
The secretaries and typists in the employment of the
University of Lagos have been categorised as shown in table
7.3.1·for the purpose of impending analysis;
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Table 7.2. 1: Categories of Secretaries and Typists

Cateoories of staff Staff strenoth
Secretary IV and tvoist III 28
Secretary III and typist II 69
Secretary II and tvoist 78
Senior Typist 88
Chief Tvpist/Confidential Secretary 23
Personal Secretary 58

From the above assumptions and table 7.2.1, the total power
requirement of this category of workers = (175x40) +

43785

0.85
(75x175)+(100+40) x169 Or 43785 watts or

51.51 kVA at an overall power factor of 0.85 lagging.

or

7.2.1 Cost Of The Energy Consumed By The
Secretaries/Typists Usin:
(a) University of Lagos Pricing Policy. ..

From the devised pricing policy of the University of
Lagos generating sets for the month of January
(i) the demand charge =

W (51.51XO.675XlOOO)= W347.69
100

the energy charge =

(ii) W [43785X33X28.675)= W41.43
1,000,000

... Total charge for the month of January = W 389.12

Charges for the other three months are similarly
computed. These are displayed in table 7.2.2
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Table 7.2.2: Secretaries Typists Power Consumption
Cost - Pricing Policy Charge .

Month Power KWhr Demand Energy arqe
(1985) Failure Charge Charge

Hours N N

January 33 1444.905 347.69 41.43 389.12
February 50 2189.25 '347.69 62.78 410.47
March 51.75 2265.874 347.69 64.97 412.66
Aoril 56.91 2494.096 347.69 71.46 419.15

(b) NEPA's operating Tariff
If the energy required by Secretary/Typist were supplied by.
NEPA, the following costing procedure holds.
In line with section 6.3.3 on NEPA's Operating Tariff

(i) Demand charge is calculated as follows:
Total demand Power = 51.51 kVA
For the 1st 5kVA or less, the charge = W 3.00
Next 5kVA at 50 kobo per 100VA or part thereof costs W2'5.00
Above 10kVA at W 5.00 per kVA costs W (51.51-10) x 5.or
W207.55
giving the total demand charge of W (3+25+20755) or W235.55

(il) Energy charge is obtained as follows:
At 6.5 kobo per kWhr, the' energy charge for the month of
January (as a sample calculation)

= '(33 x 43.875 x 6.5) = W 93.92
100

Total Energy Charge by NEPA for January = W
(235.55+93.92)= W 329.47

the total charges for the remaining three months ~It1~~\
computed. The results are displayed in table~

(JY
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Table 1.2.3 Secretary/Typists Power Consumption Cost -
NEPA Tariff Charge.

IMo~
-- . --------.--. --- -, - - .. _. ,Power kWhr Demand Energy! Total I

(1985) Failure Charge N Charge N I Charg I
Hours e N

i
January 33 1444.905 235.55 93.92 I 329.47

I
February 50 2189.25 235.55 142.30 • 377.8 I

5 I

March 51.75 2265.874 235.55 147.28 382.83 -----,
-- iApril 56.91 2492.096 235.55 161.99 397.54 __ J

OBSERVATION
Comparing the 6th columns of tables 7.2.2 and 7.2.3, it is seen
that the energy supplied by NEPA is CHEAPER than the
University of Lagos generating sets supplying the same
energy. The only obvious benefit derived from the extra cost is
that the Secretaries and Typists would not necessarily be idle
making the salaries received by them during this period
purposeful and useful.

7.3. COST ANALYSIS OF THE COMPUTER MACHINES
(AT THE UNIVERSITY COMPUTER CENTRE) POWER
LOSS
The computer type at the University of Lagos Computer Centre
is the IBM 370-145 system. The centre offers services to both
internal and external users. The charges for various services-
offered are surnrnarised as follows:

(i) CPU time costs/hr
(ii) Analyst charges/hr
(iii) Programmer Charges/hr
(iii) Punching costs/hr
(iv) Verification costs/hr.

N 400
N 30
N 20
N4
N4

this gives the total revenue possible generated by the
centre at N 458.00. If continuous use is assumed (this is the
case of 100% efficient system !), then revenues deemed lost
during the months ol January, February, March and April are
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as tabulated below in table 7.3.1. In compiling this table, the
monthly power-loss data have been used.

Table 1.3.1Revenue Deemed Lost During the 4-month Period
due to Power Outage

I Month(1985) Power failure Revenue cost (W )
I periods (Hours)

~Janua.'\' 33 15,114.00
50 22,900.00February

23,701.50I March 51.75
56.91 26,069.83F- 87,783.33
Total

This brings the total revenue deemed lost during the 4-month
period to a staggering amount to N 87,788.33. If a stand-by
power is made available during these outage hours, then the
problem shifts to comparing this revenue with money
expended in making the alternative power supply available.

7.3.1 Estimating The Power Consumed By The Computer
Machines And Their Associated Parts
The power consumption pattern of the Computer system is in
four parts:

Computer machines' power consumption- this is the
power directly needed to operate the computer. This
comes to 40.3kVA
The power consumption of the five working punching
machines comes to 9.20kVA.
In the computer usage areas, clear vision is mandatory.

Thus, the necessary illumination power requirement of both
the computer room and the card punching room are estimated
as 3680 watts.

The temperature in the computer room must match the
temperature requirement of the computer itself. For the
computer in use at the University of Lagos Computer Centre,
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the temperature of about 5°C is required for the successful
operation of the computer. Thus. air conditioners which are
continuously required to maintain this temperature of the
computer room aggregates to a power rating of 15hp with an
overall power factor of 0.85 lagging. This is equivalent to
11. 19kW of power.

Therefore, the total power consumption of the computer
hardware, lighting requirements and air-conditioning power
requirements amounts to
(40.3+ 9.2) xO.95 +11.19+3.68)kW or 61.895kW.
where 0.95 power factor lagging has been used for the
computer hardware.

7.3.2
(i)

Costing The Computer Power Requirement Using
the pricing policy of the University of Lagos
Generating sets.
As derived earlier on, the principle of this pricing policy
puts
• The demand charges at 0.675 kobo per volt-

ampere
• The energy charge at N28.675 per Megawatt-hour
Applying this pricing policy, we obtain the following cost
estimates:

Demand Charge
For an overall power factor of 0.85 lagging, the volt-ampere

61.895 x l 000
power requirement comes to VA or

0.85
72817.65VA

(
72817.65xO.675).', Demand charge = N = N491.52

100
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Energy Charge
Using the power failure hours of table 7.3.1, the Energy charge
for th-e month of January ( as sample calculation) comes to

(
61.875 x 28.675 x 33) or N 58.57

1000
Similar calculations are carried out for the remaining three
months. These are tabulated in table 73.2. shown below

Table 7.3.2.: Computer Power Requirement-Costing Using the
p. .. P J:nctnq OICY

Month (1985) Power Fai- Demand Charge Energy Charge TOtal
lure Hours W W charce W

Januarv 33 491.52 58.57 550.01
February 50 491.52 88.87 580.39
March 51.75 491.52 91.98 583.50
April 56.91 491.52 101.16 592.68

Total 2306.58
..

Thus, the total expenditure for providing an alternative power
for the computer operation for the 4-month period comes to
N2,306.58. Comparing this amount to the possible revenue
collectable during the 4month period, (computed in section 7.3
table 7.3.1 above), it is easy to see that University's gain for
making power available is enormous.

(ii) The NEPA Tariff
61.895

From section 7.3.1, the total kVA in question is or
0.85

72.81 kVA. This is less than 7.5kVA, thus the NEPA's Schedule
"8" Tariff will be applicable.
•• The cost components are worked out as follows:

Demand charge
1st 5kVA costs N3.00
Next 5kVA at 50 kobo per 1.00VA or part thereof costs N 25.00
Above 10kVA at N 5.00 per kVA costs N (72.81-10) x 5 or N
314.09
.. Total Demand charge comes to N (3+25+314.09) or N
342.09
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'Energy Charge
. .'. According to this tariff, 6.5 kobo is charged for one kW-hr of
energy'

(
61.895 x 6.5 x 33 J 11.1 132 76'. Energy charge comes to N -- . or PI .

. 1'()()

Energy char.ges for the remaining three months are similarly
calculated. The results are tabulated as shown in table 7.3.3

Table 1.3.3: Computer Power Requirement Costing Using
NEPA's tariff.

Month Power I Demand~Energy- I--Totai-'

(1985) Failure I Charge fl.j ; Charge fl.j Charge
Hours ' fl.j I

.-'r---'---~
January 33 342.09 132.76 47485

February 50 342.09 201.16 542.25

March 51.75 342.09 208.20 550.29

April 56.91 342.09 228.99 571.08
Total 2139.47

-.-- --

This brings the total amount of money to N 2139.47. That
would have been paid to NEPA by the University of Lagos, if
the latter's power supply had been uninterrupted for the study
period

Comparing this table 7.3.3 with tables 7.3.1 and 7.3.2 shows
that supply of computer power using either of the two sources
discussed so far leads to a very high gain in terms of revenue
generation. Although it should pe appreciated that supply from
NEPA is cheaper than the stand-by generation.

7.4. BINDERY AND PHOTOCOPYING MACHINES'
POWER COST ANALYSIS.
In a modern library as that of the University of Lagos, apart
from making books and journals available to readers, two other
key services that are normally rendered are bindery and
photocopying services of text, term papers and students'
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project write-ups. The Bindery Department repairs and binds
books, journals. reports, etc. from the library in its entirety

In the cost analysis of the power requirements of these two
services, the method of the earlier section will also be applied.
In this method, three costs are computed. These are
(i) amount generated as a revenue from bindery and

photocopying services, if there is no power outage.
This is automatically considered a loss if there is power
outage ..

(ii) The money paid to NEPA in supplying power to the
bindery and photocopying machine in order to generate
the revenue in (i) above.

(iii) The cost of supplying stand-by power to these
machines during NEPA power outage.

1.4.1 Revenue Yielding Capabilities Of These Machines
The type af machine employed for photocopying IS

RANKXEROX 7000. There are four of this type in the
University. Three are at the University main library and one at.
the College of Education library. Each photocopying machine
prints 3600 copies per hour For a copy print of 20 kobo, the

h t b t d h . 11.1 (20X3600)amount t a can e genera e per our IS ••• or N
IOQ

720.00. Therefore for the four machines, expected total
amount to be generated is N (4x720) per hour or N 2880.00
per hour.

From the nature of photocopying business and performance of
the machine, it is obvious that that amount computed above is
highly dependent on the availability of customers. This is true
irrespective of whether NEPA's supply is the one in use or it is
the stand-by generators that are doing the supply. Thus, in
analysing cost in this section, this revenue will be treated as a
constant and hence will not be taken into consideration in the
cost comparisons that follow.

29



The Bindery machines that are in the use at the University of
Lagos include Drilling machines for perforating book covers,
Guillotine. for cutting reams of paper, sewing machines for
sewing the spines of books and Blocking machines for writing
and printing titles on finished bound books or reports or
journals.

The type of bindery services available are for Hard covered
Books, Flexible and paper covered Books. These services
attract charges of N12.00, N7.00 and N2.00 per copy

. respectively. A flow chart in figure 7.4:1 shows. the amount of
revenue that can be generated through the bindery services.
Using the photocopying machines, the bindery will be treated
as a constant in the subsequent cost analysis.

No. of Customers'
\C,+C2+C3)

N7.00C2

Fig. 7.4.1: Revenue generating capacity of Bindery services
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/' Paper cover C--;'--!
________ . I

PHOTOCOPYING MACHINES

7.4.3 Power Requirement Of These Machines
Photocopying machine + area of location.
The power requirement of the four machines comes to
(4x4.5xO.8)kWor 14.4kW
For good illumination at the photocopying area, the
illumination power is provided by 2 No. 80-watt
fluorescent lamps for each machine

h I· hti . d i (4 x 2 x 80)t e Ig tlng power require IS kW or 0.64kW
1000

Total power requirement of the photocopying machines +

f
. 6 W 15.04area 0 location comes to (14.4+0. 4)k or 15.04kW or --

0.8
kVA or 8.8kVAassuming a lagging power factor of 0.8

*
#

#

* Bindery Machines
The power requirements of the machines is computed
as follows:
Power requirement for the two drilling machines

(
1.8X746)= 0.55 + - - kW or 1.8928kW

1000
-3 No Guillotine machines' power requirement =
(0.73+03+4)kW or 5.0kW
-1 block machine has a power requirement of 1.25kW
-1 No sewing machine requires a power of 0.375kW

# Illumination for bindery processes is vital, hence an
amount of illumination power is associated with each bindery
machine as follows:

Drilling machines 160W
Guillotine machine 320W
Blocking machine 16DVV
Sewing machine 160W
Total power requirement of all the bindery machines

amounts to 8928+5.03+1.25+0.375+0.16+0.32+0.16+0.16)kW
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or 9.3478kW or 10.9974kVA based on 0.85 power factor
lagging.

7.4.3 -Bindery And Photocopying Machines Power Failure
Costing Using

The University of Lagos Pricing. Policy
For the Photocopying machines

(
0.675X18800)Demand change = N or N 126.90

100

E Ch [
n.675xI5.04)nergy arge = N per MW-hr.

1000
•• for the month of January, the energy charge comes

*

to

11.. (28.675X15.04X33)••• or N14.23
1000

Similarly· energy 'charges for the other three months are
calculated and displayed in table 7.4.1

Table 7.4.1: Photocopying Machines' power costing
usmq pricing policy
Month Power Demand Energy Total
(1985) Failure Charge N Charge W Charge

Hours N
Januarv . 33 126.90 14.23 141.13
February 50 126.90 21.56 148.46
March 51.75 126.90 22.32 149.22
April 56.91 126.90 24.55 151.45

* For the Bindery Machines

D dCh 11.. (0.675xIO.9974XIOOO)eman .arge = •.• = N 74.23
100

(
28.675 x 9.3478)Energy Charge = N per MW-hr

1000

'?.J_

.. For the month of January, the energy charge comes to

N (28.675 x 9.3478 x 33) or N 8.85 .
. 1000 .

Energy charges for the remaining months are similarly
calculated and are shown in table 7.4.2

Table 7.4.2 Bindery Machines' Power Costing Using
Pricing poHcy ___ --- .--~- --- ----·.r-·. -"-'- !
Month Power. Demand Energy I Total

(1985) Failure Charge N Charge N Charge
Hours N

January 33 74.23 8.85 83.08

February 50 /4.23 13.40 87.63

March 51.75 74.23 13.87 88.10
-- ---- - --.- I- . ---- ._-

April 56.91 74.23 1526 _~9.49 .J

the NEPA Tariff
For the Photocopying machines
Demand Charge

1st 5kVA at 50 kobo per 100VA or part thereof costs N25.00
Next 5kVA 10kVA at N5.00 or part thereof costs (18.8~10) x 5
or N 44.00
.. 'rotal Demand charge = N (3+25+44) or N 72.00

*

Energy Charge
At 6.5 kobo per kWhr, the 4-month energy charges are
computed on a month-by-month basis. For example, the
energy charge for January is

N (6.5 x 15.04 x 331 or N 32.26
100' )

In tabular form, the energy charge fo" each month in the study
period is dispfayed in' table 7.4.3
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Table 7.4.3: NEPA Tariff Applied to Photocopying Machines
PC·ower ostinq.

Month Power Demand Energy Total
I(1985) Failure Charge W Charge W Charge

Hours I- W__
January 33 72.00 ---~3226---- 104.26 -I
February 50 72.00 48.88 120.88
March 51.75 72.00 50.59 122.59
April 56.91 72.00 55.64 127.64

* For the Bindery machines
Demand Charge = W (3+25+(10.9974-10) x 5 or W32.99

(
6.5 x 9.3-+'78 x 33)Energy Charge = W or N 20.05 for the

100
month of January
Tables TAA shows energy charges for all the 4 months in the
study period.

Table 7.4.4: Bindery Machines' Power Costing Using NEPA
Tariff
Month Power

- ------- - --
Demand Energy Total

(1985) Failure Charge W Charge W Charge
Hours W

January 33 32.99 20.05 53.04
February 50 32.99 30.38 63.37
March 51.75 32.99 31.44 64.43
April 56.91 32.99 34.58 67.57

OBSERVATION
Comparing table 7.4.1 with table 7A.3 and- table 7A.2 with
table 7AA, it is seen that power obtained from NEPA is
CHEAPER than obtaining the same amount of power from the
University of Lagos stand-by or emergency generators. But if
NEPA power is not available, stand-by generation gives an
advantage that the normal functions are carried on.
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7.5 LABORATORY AND WORKSHOP POWER
REQUIREMENT COST'ANAL YSIS
To complete the power failure costing techniques developed in
this study, the experience with power-failure costing of a
laboratory or workshop is discussed as follows:

Since there are many labor.atories and workshops in the
Faculties of Science and Engineering of the University of
Lagos, an example of a laboratory in Engineering has been
chosen to illustrate the method of analysis. The Machines'
Laboratory of the Electrical Engineering Department (as it was
called that time) is the sample laboratory. Both a.c and d.c
machines are available in this laboratory. The a.c motors are
of 3-· types. They drive the a.c generators. The d.c motors',
on the other hand, are either supplied from a common dc
generator driven by 3-· induction motor or are fed by a bank
of rectifiers.

From the rating of all the machines available in this laboratory,
the power requirement of this laboratory comes to about
63.28kW or 74A5kVA for 0.85 power factor lagging.
Considering the fact that not all the machines available will be
in operation simultaneously, a diversity factor .of 80% is
assumed. Thus, the average power comes to 63.28xO.8kW or
50.62kW.

The students' experiment charts within the 4-month study
period reveal that there is no experiment power loss in March.
January and February have 8 hours of experiment power
failures each. April has 24 hours .of experiment power
failures.

7.5.1 Costing The Students' Experiment Power Loss
Using

the University of Lagos Pricing Policy

(
0.675 x 74.45 xl 00)

Demand Charge = W or W 502.54
100
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(
28.675 x 50.62 x 8)Energy Charge = N or N 11.60

1000
for the month of January. Similarly, calculations are carried out
for the other months and the results are shown in table 7.5.1

Table 1.5.1: Students' Experiments Power Costing Using the
p' .rtctna ooticv.

Month Experiment Demand Energy
._-----

Total
(1985) Power Charge N Charge N Charge

Failure N
Hours

January 8 502.54 11.60 514.14
February 8 502.54 11.60 514.14
March - 502.54 - .502.54
April 24 502.54 34.84

--
537.38 --

The NEPA Tariff
Using the schedule "8" Tariff for powers less than 75kVA of
NEPA's Tariff and Service Regulation of August 1979 for the
same power demanded and consumed, the charqe
computation is as follows:
Demand Charge = N (3+25+(74.45-10) x5) or N 350.00

(
6.5 x 50.62 x 8)Energy Charge = N or N 26.32 for the month

100
of January.
.'. The summary for the charges for the other months including
the month of Januaryare as shown in table 7.5.2

Table 7.5.2:
Tariff

Students' Experiment Power Costing Using NEPA

Month Experiment Demand Energy Total Charge
(1985) Power Charge N Charge N N

Failure
Hours

January 8 350.25 26.32 376.57
February 8 350.25 26.32 376.57
March - 350.25 - 350.25
April 24 350.25 78.96 429.21
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Observation
From column 5 of tables 7.5.1 and 7.5.2, it is quite clear that
laboratory power supplied by NEPA is cheaper than getting the
same amount of power from the University's stand-by
generators. Although, if NEPA power failures must exist, the
cost differential is not much if learning must go on
uninterrupted.

8.0 OBSERVATIONS AND GENERAL REMARKS
This study has brought to light the economic disadvantage of
any NEPA power outage. Power outage is mostly felt in
money-making concerns where electrical power supply is the
prime "raw material". The study also reveals that provision of
stand-by generation may not solve all the problems completely
as this alternative provision of power has been found to be
more expensive than the NEPA's supply. The only consolation
here relies on the fact that, although one pays more for
providing alternative power supply 9uring any NEPA's power
outage, the worker's idleness is eliminated, the revenue
generating capacity of the commercial venture that depends on
electricity is kept going and the general discomfort that
accompanies power outage is eliminated.

From the analyses carried out so far, the significance of billing
tariff has been highlighted. Mechanics of constructing a tariff
has been demonstrated with reference to a factor of subsidy
which is represented as a form of "tax" relief to electricity
users. Efforts are made to put cost on energy demanded but
not supplied. Also, the period of power outage ..has been
decoded into "Naira". It is also revealed that outage costs
increase in direct proportion to .the expected value of the
energy demanded but not supplied.

Additional advantage offeree by this. study is that it is now
possible to systematically cost power failures in any locality
with a view to making decisions on the provision of stand-by
generating sets. The study has also revealed the effects of
power failures on the revenue generation and expenditures.
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The method of analysis proposed and tested in this study can
easily be applied to any electricity using concern. The only
compulsory parameter input into the analysis is the set of data
on the power failure hours that must be collected on a day-to-
day basis over a reasonable period of time.

Large industries or big companies that largely depend on
electric power for their daily operation can now apply this
method to justify the steps they have taken regarding solving
the problems of NEPA's incessant power failures.

9. THE GENESIS OF POWER TRANSMISSION
SYSTEM INADEQUACY
Apart from generation, transmission did not fare better as
development plans were not usually implemented in terms of
expansion of this back-bone, i.e., the national grid. The mor-e
industrialised a country is, the more it is dependent on steady
and regular supply of power. The rapid and continued growth
of the demand for electric energy in Nigeria involves the
development and expansion of electric supply system to
guarantee reliable supply of power to consumers.

The planning, design and operation of a power system require
continual and comprehensive analyses to evaluate current
system performance and to ascertain the effectiveness of
alternative plans for system expansion.

This motivated us (Awosope, Esan, 1983 and Awosope,
12,13

Akinbulire, 1990) to subject the medium term planning of
NEPA 330 - kV network to both load-flow" and reliability"
studies. The 330-KV medium term planning spans a 10-year
period of 10 stages: 1980/81, 1981/82,1982/83, 1983/84,
1984/85, 1985/1986, 1986/87, 1987/1988, 1988/89 and
1989/90 stages. For both studies, the 1980/81 stage is used
as the base year. In each study, the model system at each
stage is used to predict the performance of a real system
which either has never been' built in full scale or an existing
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system which would be dangerous or expensive to subject to
the conditions being studied

9.1 THE LOAD-FLOW STUDY
For each stage, the system busbar·voltage profile, power flows
w.thin busbarsand operational generator power factors are
used to cnaractense the system behaviours under varying
conditions of generation and loading.

The one-line diagram of the NEPA grid at 330 kV is shown In
fig. 9.1.1 for the 1980/81 stage. The base case tor this study IS
the 1980/81 stage of the 10-year plan period, and the system
is solved in normal operating mo.de for maximum load demand
to show the different reinforcements at every stage of the plan
period. Each stage is studied using the Digital Computer
program specifically developed for the projected maximum
loads. Figures 9.1.2 & 9.1.3 show the one~llne diagrams for
1984/85 stage (when the Egbin thermal station IS expected to
come on stream) and 1989/90 (which is,the end of the 10-year
study period). The input data of the generation and load
schedules for the study at each stage is given In tables 9.1.1 to
9.1.4.

9.1.1 Results and Discussions .
The steady-state voltage profile obtained for. each stage IS
shown in table 9.1.5 The table shows the magnitude In per
unit and angle in degrees of the voltage profile at each of the
major load busbars. Table 9.1.6 shOWSthe steady-state flow
pattern of power between the major buses at each stage.
These are the real and reactive power flows expressed In MW
and MVArs. The convention adopted in the study is 'for a
normal flow pattern which makes power flow from a bu~ a
positive value. The calculated power fact.or at each generating
bus bar obtained for each stage ISshown In table~ . r,.r..n.""

,/O~
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Pi,. It.l.ll ODe-line.:.cu.. of l£PA 330ltV
Grid for 1980/8; St4ge.

Fig. 9. 1. 1: One-line diagram'3 of NEPA 330kv Grid for
1980181 Stage
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9.1.3. NEPA 330KV GRID 1989/90 STAGE'3Fig.

Fig. 9.1.2.· NEPA 330KV GRID 1984/85 STAGE'3
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TABLE 9.1.1: STAGE·BY·STAGE SCHEDULE OF BUSBAR LOADINGS (in p.u.)

.j::.
N

~
188011I1 1911111I2 1911211I3 19113III4 '_11I5 19115III8 1911e1117 1911711I8 '_11I9 19119/90

Buo
P Q P Q P Q P Q P Q P Q P Q P Q. P Q P Q Symbols

BIRNIN-KEBBI 0.3000 0.1860 0.3000 0.1860 0.30<30 0.2120 0.3430 0.2120 0.4500 0.2800 0.5300 0.3300 0.8210 0.3000 0.7210 0 ..000 o.zaro 0 ..000 0.8694 0.4200 BK
JEBBA 0.01197 0.0380 0.0IS97 0.0380 0.0570 0.0410 0.0900 0.0800 0.0800 0.0500 0.0900 0.0800 0.0900 0.0800 0.1410 0.0760 0.1510. 0.0870 0.1_ 0.0803 JBl
KADUNA 0.9500 0.5900 0.9500 0.5900 1.1500 0.7130 1.1500 0.7130 1.2_ 0.n5O 1.3600 0.8300 1.3400 0.8300 24000 lC.aooo 2.4400 1.Q800 3.0450 1.3820 KD
KANO 0.5580 0.34eO 0.5580 0.34eO 0.81.0 0.5050 0.8140 0.5050 0.8200 0.5100 0.9400 0.5800 0.9400 0.5800 1.S400 0.8200 1.&400 0.8200 1.4710 0.7120 KN

JOS 0.3100 0.1910 0.3100 0.1910 o.eooo 0.5000 0.5800 0.3800 0.7500 0.4700 o.eooo 0.5000 O.BODO 0.5000 0.3000 0.1420 0.3000 0.1420 0.4180 0.2330 JS
GOMBE 0.2500 0.1530 0.2500 0.1530 0.11500 0 ..000 0.3000 0.1800 0.5&X) 0.3400 0.6500 0 ..000 0.6500 0 ..000 0.11500 0 ..000 0.11500 0 ..000 0.3120 0.1510 GB
OShOGBO 1.0100 0.8300 1.0100 0.1S3CO 1.3300 0.8250 1.3300 0.8200 r.eoec 1.1200 1..;eqo 0.9200 1.4800 0.8200 ".8510 0.4310 0.8510 0.4310 1.001I0 0.4870 OS
IBAOAN 0.11950 0.5550 0.8950 0.5550 1.1_ 0.7080 1.1_ 0.7080 1.8300 1.0100 1.S700 1.1800 1.8700 1.1600 1.6500 0.6000 1:6500 o.eooo 1.9220 0.8970 IB
IKEJA-WEST 2.1310 1.3210 21310 1.3210 4.7500 2.9500 5.2600 3.2800 5.2200 3.2_ 5.5100 3.4200 5.5100 3.4200 3.7900 1.7000 00סס.4 1.9100 4.5500 2.1900 IK
AKANGBA 4.2820 2.&420 4.2820 2.&420 2.3800 1.4700 2.8300 1.8300 2.9100 I.BODO 3.2000 1.91100 3.2000 1.91100 10.0500 00סס.4 12.5000 5.2000 13.2000 5.8650 AK
BENIN 0.8280 0.3900 0.8280 0.3900 0.7880 0.4760 0.9300 0.5800 0.&400 0.5200 0.9400 0.5800 0.9200 0.5800 00סס.0 00סס.0 00סס.0 00סס.0 00סס.0 00סס.0 BN

. SAPELE 0.5370 0.2800 0.5370 0.2800 00סס.0 00סס.0 00סס.0 00סס.0 00סס.0 00סס.0 00סס.0 00סס.0 00סס.0 00סס.0 00סס.0 00סס.0 00סס.0 00סס.0 00סס.0 00סס.0 SPl
ONITSHA 0.8100 0.3800 0.5370 0.2I!CC 0.7'S7ll 0.4750 O.BODO 0.4geO 1.1000 c.esoc 1.2000 0.7-400 1.2000 0.7..00 . O!lS6O 0.5100 0.9560 0.5100 1.2430 0.6950 ON

ENUGU 0.e3.0 0.3860 0.e3.0 0.3IIeC 0.1lI2C 0.4910 0.9000 0.5600 o.eeoo 0.5300 0.9400 0.5800 0.9400 o.seoc 1.ee7'O OS170 1.6870 0.8170 2.5300 1.2260 EN
ABA 0.4200 0.2I!CC 0.4200 0.2I!CC 0.7400 04600 0.9300 0.5800 1.1750 0.7300 1.2700 0.7900 1.2700 0.79CIJ 1......aJ 0.S200 ·1.5400 0.2800 1.IS380 0.7B40 AS

SHIRORO - o.eooo O.37tll 0.te2C C.112O 0.2500 0.1700 0.5700 0.3500 o.eooo 0.3700 O.SXlC c.r.tI:; o..~ C :JlOO 00סס.0 00סס.0 00סס.0 00סס.0 SRl

ZARIA 0.<0000 0.1900; OClCXl 0.'900 0.5000 02_ 0.5600 0.2680 ZA

MAlOUGURI - - - 0.5000 02.00 0.5000 02000C I a.SJJO O.2!XlO 0.11590 0.25EO 0.7000 0.3360 MO

AKURE -. - o.noo o.csoo o.noo 04SXl! o.3I!!JCIJ 01900 0.4510 0.2060 0.4510 0.2060 AK
BENIN/B - - . 1.1600 0.5600 r.reoo 0.5600 l.noo 0.7500 1.8560 0.e960 BNB
DELTA - I 00סס.0 00סס.0 O-tXlOC 00סס.0 00סס.0 00סס.0 00סס.0 00סס.0 en,
AJAOKUTA I 0.3500 0.1900 0 ..000 0.2500 1.4500 0.9000 3.2500 15000 3.5200 1.5000 1.5000 0.8200 1.9500 O.BODO 2.2000 0.geOO AJ

IG81N - - o.eooo 0.5200 O.BODO 05000 O.BODO Q.5OOO 00סס.0 00סס.0 00סס.0 00סס.0 00סס.0 00סס.0 IGBl

A~AM - 00סס.0 00סס.0 00סס.0 00סס.0 00סס.0 00סס.0 00סס.0 ".3XlO 00סס0 00סס.0 00סס.0 00סס.0 00סס.0 00סס.0 00סס.0 00סס.0 AFl
PORT -MARCOU - - - o.noo OASCO o.noo 0.05Q0 3.!IXXl 00סס.1 00סס.3 00סס.1 3.3900 1.&400 PT
ALAOJA l.eooo 0.3460 2.11500 1.&400 2.7000 1.8100 2.noo Legoo .2.7_ 1.7000 2.7.00 1.7000 0.9000 0.4800 1.2900 D.4800 1.3970 0.5790 AL

KAlNJI- L 0.03«>1 0.0210 0.03«> 0.0210 00סס.0 00סס.0 0.0700 0.4500 0.0900 0.0800 0.1100 o.CIIXl 00סס.0 00סס.0 00סס.0 00סס.0 00סס.0 00סס.0 00סס.0 00סס.0 KGl

IKOM j - ! 1 0.0182 0.0789 00סס.0 00סס.0 IKl

MAKURDI - - - - ·1 0.4320 0.5120 MKL

TABLE 9.1.2: SATGE-BY -STAGE SCHEDULE OF BUSBAR
GENERATING CAPACITIES (in p.u.)

<i.
J

Sta 1980/ 1981/ 1982/ 1983/ 1984/ 1985/ 1986/ 1987/ 1988/ 1989/

Genera

10
Bu

Bus P Q P P Q P Q P Q P O· P 0 P Q P Q P 0 Symb

KAIN O.C O.C 0.( 0.( 7.6 0.( 0.( O.C 5.A O.C te 0.( 7.E 0.0 7.E O.C 7.E 0..( 7.6 0.( KG

SAPE 50. O.C 8.• 0.( 0.0 0.( 6.!: O.C O.C O.C 4X3C 01 0.0 0.0 01 O.C 0.( 0.( 0.0 0.( SP

JEB 0.( 0,( o. 0.( 5 . .&1 0.( 0.( 0.( 4.!: O.C 5.A O.C 5.~ 0.( 5.A o. 5 ..&1 0.( 5.4 O.C JB

SHIRO - - O. OJ OJ OJ 1.~ O.C 6.C O.C 6.C 01 4.( 0.( s.o, O. 5.( O. 6.C 0.( SR

DEL - - - - ,- - - - - - - - 2.~ 0.( 2.· O.t 2..&1 O. 2.~ 0.( DT

IGBI - - - - - - - - 2.0 0.0 4.0 0.0 4.( 0.( 5.< 0.1 EH O. 8.( 0.( 1GB

AFA - - - - 3.i 0.( 3.7 O.C -3.7 O.C 3.7 O.C 3.i 0.( 1.1 0.( 1.~O. U O.C AF

MAKU - - - - - - - - - - - - - - O. OJ 5.( O. 5.C O.C ~K

rKO - - - - - - - - - - ..; - - - - - 0'« O . .3.C O:C IK
-

* denotes incoming generating station without power generation



TABLE 9.1.4 STAGE-BY-STAGE BRANCH PARAMETERS NOT COMMON
TO 1980/81 STAGE13 (in p.u.)

Note: Superscript "a"
Superscript lib"

denotes 2 No.
denotes 4 No.

IBranch I Branch
I

Rating
I

R
I

X
I

B
IType

-1981/82 Stage Branch Parameters not common to 198011981 State

JB - SRL" Line 50 0.00966 007271 0.9664

SRL - Kd" .. 50 00024 00292 0.364
----
SPL - AI" .. 50 00023 0019 0.239

___ L.... _____ -------

·1982/83 Stage Branch Parameters not common to 198111982 State

JB - OS' Line 5.0 0.056 0.0477 0.597

BN - AJ" .. 5.0 0.007 0056 0.747

AB - AFL .. 5.0 0.0009 0.0077 0.096

----- -----------
·1983/84 Stage Branch Parameters not common to 198211983 State

SPL - BN" Line 5.0 00018 0.0139 0.208

ON - ABa .. 5.0 0.0049 0.0419 0.524

AB - AFL" .. 5.0 0.0009 0.0077 0.096
.._. _. _L ________ .___

r'1984/85 Stage: Branch Parameters not common to 198311984 State

as -Ik" Line 4.5 0.009 0.069 0.9
JB - SRL a

.. 4.5 0.00966 0.07271 0.9664

IGBL - lk"
.. 45 00024 00177 0.2357

taB - ABC
.. 5.0 0,0049 0.0419 0.524

-c-
I

·1985/86 Stage: Branch Parameters not common to 198411985 State

GB-MD Line 5.0 0.00895 0.076 0.95

OS-AK .. 5.0 0.00365 0.028 0.377.

AFL - PT" .. 5.0 0.0014 0.0098 0.125·
-------- ----- .;;~~,Arr/ 5< iW'. 0

~ J .

l

\r ~
45

,~

Table 9.1.3: 1980/81 STAGE BRANCH PARAMETERS (in p.u.)

Branch Branch Rating R X B
Type

KGG - KGLa Trans. 1.15 0.0 0.09043 0.0

KGG - KGLb " 1.84 0.0 0.06522 0.0

KGL-BK Line 5.0 0.0111 0.0942 1.178

KGL - JBa .. 5.0 0.0029 0.0246 0.308

JB - KDa .. 5.0 0.0121 0.1034 1.291

KD - KN
.. 50 0.0082 0.0699 0.874

KD - JS " 5.0 0.007 0.0599 0.748

JS - GB " 5.0 0.0095 0.081 1.()1

JB--OSa " 5.0 0.0056 0.0477 0.597

OS -IB " 5.0 0.0041 0.0349 0.437

OS -IK " 5.0 0.0086 0.0765 0.958

OS-BN " 5.0 0.0089 00763 0.954

IB - IK " 5.0 0.0045 0.0416 0.521

IK - AKa " 5.0 0.0006 0.0055 0.068

BN - IKa " 5.0 0.0101 0.0779 1.162

BN - ON " 5.0 0.0049 0.0416 0.571

SPL - BNa " 5.0 0.0018 0.0139 0.208

SPG - SPLb Trans. 1.4 0.0 0.10357 0.0

SPG - SPLb " 1.73 0.0 0.751 0.0

ON-EN Line 5.0 0.0292 0.365 0.0

ON-AB " 5.0 0.0419 0.524 0.0
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TABLE 11.1.5:STAGE-BY-STAGE VOLTAGE PROFILE AT CRITICAL BUSES

~ JEBBA BENIN OSOGBO KADUNA AKANGBA iKEJA GOMBE BIRNIN- ABA ONITSHA KANOSlag. WEST KEBBI
IVI p.u. 1.01137 1.00711 1.0382 1.3001 0.9445 0.1I~34 1.4485 1.0987 1.0002 1.0023 1.3181
11180181

SB: KalnJl 6! -11".588 -12.408 -18.980 -17.324 -28.278 -27.582 -19.733 -7.827 -26.380 -25.374 -18.741
IVI p.u. 1.1009 1.0130 1.0507 1.2925 0.9551 0.9640 1.4397 1.1011 1.0122 1.0141 1.3112
1981182

SB: Kalnll 6' -10.082 -13.978 -15.250 -18.583 -22.584 -21.903 -18.991 -8.837 -18.738 -17.751 -17.887
IVI p.u. 1.0538 0.111170 1.0580 1.1829 0.9032 0.9084 1.2245 1.0750 0.9974 0.11861 1.1638
,,82183

'-0.844SB: Kalnll 6' 10.990 -2.421 3.879 1.5780 -8.684 -8.258 -4.469 14.054 8.397 1.077
IVI p.u. 0.11971 0.9909 0.11852 1.0158 0.8907 0.8985 1.0945 1.0407 0.11982 0.11924 1.0082
1883/84

.
SB: KalnJl 6' -12.714 -19.327 -19.282 -18.881 -27.939 -27.454 -23.297 -8.444 -13.257 -18.883 -21.555

IVI p.u. 1.0000 0.9935 0.8790 0.8958 0.8572 0.9721 0.9541 1.0382 1.0020 1.0062 0.9842
1884/85

SB: SaDele 6' 14.781 -3.107 4.810 16.387 -4.277 -4.199 8.145 15.482 0.033 -1.803 13.400
IVI p.u. 1.0000 0.9780 0.8879 1.0102 0.9454 0.9200 1.1034 1.0292 0.8959 0.9840 0.8934
1865/86

SB: SaDele 6' 17.014 -4.381 6.081 17.310 -4.051 -3.964 6.692 18.473 -2.676 -4.925 13.980
IVI p.u. 1.0000 0.9899 0.8800 1.0103 0.9576 0.9642 1.1622 1.0297 0.9975 0.8915 0.8837
11188/87

SB: SaDele 6' 14.500 -3.825 4.441 7.833 ·5.525 -5.014 -4.021 18.126 -2.208 -4.323 3.429
IVI p.u. 1.0000 1.0128 0.9904 1.0920 0.9459 0.9810 1.2078 1.0168 1.0003 1.0067 0.9678
11187/88

SB: SaDele 6' 11.743 -6.471 -0.385 2.330 :..1.3.577 -11.1109 -7.567 10.803 -16.081 -13.108 -4.792
IVI p.u. 1.0000 1.0100 0.11849 1.0008 0.9252 0.8452 1.1743 1.01611 1.0019 1.0100 0.9568
11188/811

SB: Sapele 6' 11.151 -4.844 ~ 0.850 -14.827 -12.875 -10.331 10.024 -8.289 -5.210 -6.548
IVI p.u. 1.0000 1.0054 0.118211 0.9984 0.9287 0.95011 1.20011 1.0115 0.9988 1.0018 0.9484
11188/110

SB: SaDele 6' 13.712 -3.584 3.378 6.617 -10.055 :7.812 -2.868 13.888 -8.074 -2.334 -0.202



TABLE 8.1.': ITAGE-BY-STAGE NET POW Ell fLOW S BETW EEN THE CIIITICAL BUSES

~
09

~ , •• 0/1, 1 •• 1.1. 2 1 •• 2/a 3 ,.a3114 ,,'4115 , •• 5111 , •• 1117 11.7/1. 1 I.". I 1 1'''10

K .Inll p. 43'.'7 3'0.75 34 1.07 44'.55 244.' I 347.7' 335.20 330.37 343.15 33'.10
Je'b. a -210.' 7 -223.' 0 -".38 -5.1 a -0.75 -10.'0 5.07 -5.25 -I.a. -11.01
J e b'.· P 11 1.15 - -
Kaduna a -301." - - -
Kaduna P , •. 03 51.01 • 1 .13 11.' I 12.5 • 14.75 -
Keno a -113.25 -124.4 • -74.' I -42.1 I -37.72 -33.82
Kacluna P 135.04 701.12 217.01 205.71
Z .rla a - - - 5.01 ".71 2 1 .30 2 1.43
Kadvna " 5 •. 51 5'.54 14 I .85 • 0.30 210.35 201.45 201.45 151.' 4 I 17.71 141.' 3
Joe a -2' 4 .• , -2.1.15 147.12 -131.41 -27.33 -243.5' -I 71 .27 ·230.1 I -201.23 -225.73
Joe P 25.40 25.40 15.35 30.22 55.0 I 1 I 7.7 I I 17.45 117.70 13·3.71 103.84
Q om b. a -1' 1.17 -1' 3.75 -101.30 -. 1.0 I 23.31 -21 1.03 -173.44 -1 15.15 -174.22 -201.31
K .Inll P 30.33 30.34 34.82 34.11 45.3 I 53.43 82.81 72.71 72.70 17.10
I.Kebbl a -115.00 -111.01 -107 II -8'.15 -15.75 ·8 1.40 -I I .00 -75.57 75.10 -70.77
Jeb'. P - 141.55 1 IS.' 3 12.42 -I I .11 -47.02 87.03 53014.00 8 1.23 33.' 5
• 1'11'0 to a - -213.27 -1 18.47 ·10.4 I -3 1.23 -4 I .24 -52.51 -51.51 -52.5 I -48.1 I
• hlroro P - 105.5 I 172.58 114.25 170.5 I 222.78 23 1.14 303.51 317.12 333.15
Kaduna a -222.' 2 -1 15.41 -11.05 -2 1.1 I -117.11 -14.54 -10." -42.' I -2 1.3 I
"'.bbe P 311.24 230.' 7 283.1 • 237.24 375.15 407.17 312.41 3 I 1.2 I 358.33 372.14
Oooobo \ a 73.' 4 • 2 .• , '5 1.03 22.50 1.11 20.45 1.20 -20.41 -8.52 -4.33
000, b 0 P 205.14 115.70 2 I 1.0 I 111.4 I 21'.1' 224.34 204.4' 252.4' 25'.47 241.2 I
Itele Weel a 54.' 3 5'.53 78.1 I 34.37 -44.43 -33.1 I -31.1 I ·2.17 2.0 I -1.04
OOOlbo P • 2.' 3 -24.' • 14 I .11 -2.a I ,. 2.42 -
• enln a -1'.33 2.03 -47.2 I -7 1.75 -75.14 - -a., .t. P .25.U 305.51 22.' • '''.72 2 7.1' 14.' 2 13.27 " 2.54 111.47 • 3.41
I. "in a -4'.5' -. 1.2' 23.15 -17.41 -20.11 2.40 -15.05 -3 I.' 7 -27.22 -1'.0 I

• • " 1:, P 140.42 17 I.' 2 131.41 175.31 13.31 13.51 •.• I 21.22 125.7' 11.3 I
Itel. Weot a 0.44 -7.1' 44.14 51.3 • 2.21 -3.11 ·27.75 ·2.11 13..2 • 2.22
• 'nln P " 1.00 " 0.5 I -131.70 -101.4' -57.40 11.15 ".12 213.04 2 3 .50 -5 1.02
o nlloh. a -2'.35 -45.4 • 1 1.3 I -1'.27 -4'.5 I -3'.1 I -34.00 -31.31 -31.7' 13.10
o n 110h. P 42.0 I 42.0 • 2' 5.11 -138.71 -111.27 17.37 " .• 2 1 2 5.12 130.1 I 155.1 1
A b. a -25.7' -27.0 • 1.74 -1 1.15 15.75 -3 1.13 -34.00 -22.55 -1'.02 ·32.0 I
It e I. W eat P 213.52 213.51 II •. 14 131.'1 147.14 1 10.23 1 10.23 504.45 12 1.20 I I 3.12
Akanab. a 12'.7' 12'.5' I I .1' 77.' • 1~.87 14.' 0 • 4.7' 2.1 1.70 2'3.31 320.31
18bin P - - " 0.00 110.00 250.00 325.00 ioo.oo
It el. W e 01 a - - - "2.7' 1 7'.75 " 8.52 271.41 233.10
OOOlbo P - - - - 300.57 215.11 153.' 8 10'.15 174.75
A tv t. a - - - -2 1.05 -40.52 -73.' 7 -74.33 -71.4 I
A tv r. P - - 225.0' 140.15 II 4.51 " .20 121.14
•• nln a - - -. 4.18 -5 1.2 I -55.3 • ·53.' 3 -5 1.55

TABLE 9.1.7: STAGE-BY-STAGE GENERATING BUSBAR POWER FACTORS

\0

~Busbai KAlNJI SAPELE N=NI. SHIRORO JEBBA IGBIN DELTA MAJ<URDI IKOM.
1980/81 0.9104 0.9964 ..
1981/82 0.8507 0.9909
1982/83 0.9619 0.9912· 0.9980
1983184 0.9999 0.9881 0.9999 0.5871
1984/85 0.9958 0.9837 0.9837 0.9791 0.9820 0.5236
1985/86 0.9998 0.9485 0.9843 0.8907 0.9999 0.6935
1986/87 0.9998 0.9809 0.99.36 0.9238 0.9881 0.7040 0.9997
1987/88 0.9999 0.9957 0.9330 0.9285 0.9679 0.8015 0.9827
1988/89 0:9999 0.9933 0.9861 0.9530 0.9798 0.7675 0.9928 0.9725
1989/90 0.9999 0.9964 0.7262 0.9736 0.9858 0.8633 0.9989 0.9933 0.9962



For any meaningful analysis, it becomes necessary to
identify buses with minimum voltage profile and busbars

with maximum voltage profile. Table 9.1.8 displays this
information. It is easy to see that the pattern of minimum and
maximum table of results is nothing short of voltage profile
expected in the NEPA power network which has over 48% of
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its overall load demand concentrated in the Lagos area. This
is the reason why Akangba has shown itself to be a critical bus
for all the ten stages.

cTable 9.1.8: Steae-Bv-Steae Vottsae Profile.At ritica/ Buses
Stage Minimum Load Load t3usbar

Voltage in Busbar
p.u

1980/81 0.9445 Akangba 1.4485 Gombe

1981/82 0.9551 Akangba 1.4397 Gombe

1982/83 0.9032 AkangOq 1.2245 Gombe

1983/84 0.8907 Akangba 1.094.5 Gombe

1984/85* 0.9541 Gombe 1.0362 Birrun Kebbi

1984/85" 0.9572 Akangba 1 0362 Birrun Kebbi

1985/86 0.9454 Akangba 1 1034 Gombe

1986/87 0.9576 Akangba 1.1622 Gombe

1987/88 0.9459 Akangba 1.2078 Gombe

1988/89 0.9252 Akangba 1 1743 Gombe

1989/90 0.9287 Akangba 1 2009 Gombo

The minimum voltage value acceptable for a normal operating
network at the 330kV being studied is 0.95pu while the
acceptable 14 maximum value is 1.05 pu. The Gombe busbar
and, to some extent, Birnin-Kebbi busbar, are lightly loaded
buses over long distances. This has accounted for the
excessive voltage profile shown in table 9.1.8 over the
acceptable limit.
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From the flow pattern shown in table 9.1.6. it is observed
that for .a steady-state situation there are no over-loaded

lines for each stage of the planning period In similar vein. no
over-loaded transformers, but for a situation when the Kainji
bus is earmarked as a slack bus and has to carry more than
720MW of' real power, some over-loads are observed. It only
confirms that the use of Kainji as the slack bus at that stage is
not practically feasible.

From table 9.1.6, it is observed that there is a great quantity of
V'dr transportation within the network at each stage and this
has contributed to the excessive voltages at buses like Gombe
and Birnin - kebbi as discussed above. From table 9.1.7, the
power factor range is 0.75-0.95 for thermal stations on the
average and 0.95-1.00 for the hydropower stations.

Using the design specifications of the generators operating in
the NEPA grid shown in table 9.1.9, one finds that the range of
power factor for thermal power stations is 0.8 to 0.9 while for
the hydro power stations is 0..85 to.95.

The Egbin station shows too low-a power factor of operation
for the year. But as the years go by, its power factor of
operation improves. Because of growth in the generating
busbars' capacities as we move from one stage to another
within the study period, choosing a particular generator busbar
as the slack bus for the whole period of study has been found
"to yield divergent results. .

9.1.2 General.Observations
The loading of the lines of 500MVA rating was found to be a
practical choice of conductor rating, considering the growth
pattern of the load within the grid. The light loading of
conductors especially in most of the Northern states of Nigeria
is a point of concern.

Areas of overloads within the grid have been very well taken
care of by the addition of new lines as we go from one state to
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another. But for economic system operation, there IS a
limit to the number of lines technically feasible for the

switching station. The number is given as tour" Recent
studies 17 have also confirmed that for maximum toad point
reliability level, four is the' maximum number of lines for any
bus.

9.1.3 R'eco'mmendations
By the time the Egbin station comes ir:!to the grid as shown in
table 9.1.5 for 1984/85, these additional lines, running from
KainJi to Lagos area, and Sapele to Benin to Lagos will prove
to be uneconomical. In that case, more study will need to be
carried out on the system for this particular year for all possible
modes' of operation in order to obtain optimal operating
condition for the overall grid for that stage of the planninq
period.

It is also recommended that for such areas within the grid; it is
necessary to think very quickly of siting a new generation
station in either Bornu or Gonqola State, wherever it is
technically feasible. The' long discussed and debated
Mambilla Hydro project can easily be considered as a
solution 18 The power flow pattern within the grid has shown
that there is quite a great deal of reactive power flowing' within
the grid (see table 9.1.6). This is not good for the system. The
effect of tolerating. such an operation situation is reflected in
the voltage profile of the busbars within the grid. We realised
that NEPA is aware of this situation hence the installation of
reactors at strategic locations within the grid.

The effect that reactive power flows has on generator
operation is reflected in table 9.1.7. From the table 9.1.6, it is
easily seen that some of the generator buses are absorbing
"Vars" which is unhealthy for a synchronous generator.

This has definitely produced the operating power factors
shown in table 9.1.7 in comparison to the design power factor
specification of table 9.1.9 by NEPA. It should be mentioned
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here that during the study, the generators are allowed to
pick the corresponding reactive power for the state of load

flow considered. It is possible to specify, before the study, the
power factor of operation desired on any particular generator
bus. We have not chosen this alternative considering the
configuration of the NEPA grid, where we have very long lines
with disproportionate loading. Forcing generators to generate
more "Vars" will definitely yield non-optimal results. It is-
therefore recommended that NEPA has to Consider very
seriously some, if not all the issues highlighted in this study,
considering the fact the system is developing fast coupled with
the increasing consciousness of the average consumers in
Nigeria as regards the quality of power supply they are daily
demanding. And also. with the on-going debate of allowing
NEPA to go commercial, there will be no choice but for NEPA
to operate the system optimally for a good quality of power
supply and subsequent maximum profit so desired in any
thriving industry.

Table 9. 1.9: Generator Design Power Factor Specifications for
NEPA

Station Location Number of Units Power Factor
Kainji I 4 0.94
" II 2 0.95
" III 2 0.95
Afam I 2 0.80 1.1
" II 4 0.80
" III 4 0.80
Delta I 2 0.80
" II 6 0.80
Delta III 6 0.80
Sapele (S) 4 0.90
Afam (IV) • 6 0.80
Sapele (G) 4 0.80
Jebba 6 0.85
Shiroro 4 0.85
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The reliability study which encompasses analytical tools is the
quantitative measure of the degree of the trust placed on the
successful performance of the required functions by the
system. The reliability indices, obtained from the reliability
study of the system, are the measures used to qualify how
reliable the system is

9.2.1 Method of Analysis
Although at present, there are many techniques 19 fer

reliability evaluation of electrical power transmission and
distribution systems, MarkeV20 method is, generally, accepted
to be ·the most accurate method of .analysis. However, the
MarkoV model becomes cumbersome to apply and
unpracticable for all .but the simplest systems. To get over
these problems, an approximate method is' often used. This
approximate method is based on simple rules of probability
T.he method" has been shown to yield sufficient accuracy
The difference between it and that of MarkoV method in terms
of accuracy is negligible. This approximate method leads to. a
cornputationally efficient technique known as Minimal Cut-Set
Method

9.2 RELIABILITY STUDIES
In 1990. another study was carried out on the 10-year

medium planning of NEPA The emphasis of the study was on
the reliability evaluation of transmission lines in each of the
10 stages. Considering the investment and safety factors, a
highly reliable system is very important. Effects of unreliable
electrical power systems include inconvenience and
dissatisfaction to consumers, loss of prestige on the part of a
utility (such as NEPA) and more serious is the fact that
national security is threatened

The Nigerian power system, like other power systems, is made
up of generation, transmission and distribution systems. As at
the time of this study, the generation system in Nigeria had
sufficient capacity with enough reserve marqin". The electrical
energy produced was made available to consumers by
transporting it over transmission and distribution system to
load points. At the distribution level, the requirements of good
power supply were met when voltage and frequency of supply
at consumers' terminals or load points were within the
specifi'ed range.

9:2.2 lmplementation Of The Minimal Cut-Set-Method.
In order to carry out this analysis, a computer program written
in FORTRAN is specifically developed. The Algorithm used is
the SERIES -PARALLEL. implementation of the Binary
Formulation of the Minimal Cut Set Methed19)1 Other
advantaqes of the Minimal'cut-set Approach-have been treated
extensively in the literature 21.22 The Minimal Cut-Set Method
evaluates the load point reliability Indices in two steps:

At the transmission level, the ability of the network to maintain
continuity of supply at all load points under all credible
conditions of failure was considered the principal requirement.
Thus, based on this continuity criterion, the reliability
evaluation of the transmission networks at 330kV was carried
out. The reliabilityindices computed included the load point
frequency (A) and the annual average duration of outages.
Other 'indices were derived from these two.

Step 1: It employs- the Techniques of the Failure Modes and
Effects Analysis (FMEA)2o.23 to determine and list the
component eutage events which result in an interruption of
service at the load point of interest. These are the minimal cut
sets. Most of the available algorithms implement this via the
generatien of minimal paths" A minimal path is a set of
system components, when in operation, which provides the
route fer electrical energy transfer from source to. the desired
lead point. No. component in tbe set is used mere than once.
Minimal cut-sets are deduced from the network topology.

Step 2: The failure histories ef the components as determined
and listed in step 1 are combined using the well knewn
reliability expressions" to. obtain the reliability indices at the
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desired load point. The reliability data normally required
for each component In the network include:

(a) Forced and scheduled failure rates and their average
durations .

(b) SWitching times of circuit breakers throw-over switches
and expected time to replace a blown fuse

(c) Exposure length of power links such as cables and
overhead transmission lines.

9.2.3 On The Choice of Most Suitable Reliability Analysis
Method
In the reliability, evaluation of electncal power transmission and
distribution systems, a major problem is the determination of
all the minimal cut-sets. A number of algorithms have been
put forward

26
.
29 to determine the minimal cut-sets. The use of

this algorithm is restricted.
These restrictions are:
(i) The network either contains unidirectional or bi-

directional components.
(il) Nodes or branches are 100% reliable.
(iii) A large number of subnetworks of the system have to

be considered.

An efficient algorithm which removes most of these restrictions
is the Binary Formulation of minimal cut-set (BFMCS) is This
algorithm is based on Boolean Algebra and set theory. Other
advantages of the BFMCS algorithm are listed in references 19
and 21. It deduces minimal cut sets from minimal paths
generated from sources to the desired load point.
Unfortunately, the number of minimal paths grows
exponentially with the number of nodes, number of sources
and number of network components, relative position of the
source to the desired load point and mode of interconnection
between nodes.
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When the BFMCS algorithm is applied to a large and
highly connected network, the computer storage requirement IS

usually excessive. The computing time is also high. To
remove these problems, an alqorithrn'" based on graph and
set theories deduces the minimal cut set without generating
minimal paths. It however assumes that the nodes are 100%
reliable. It is not useful in a network with pendant nodes. In
practice. nodes are not perfectlyreliable. In the case of NEPA
network, pendant nodes are common.

To get the most suitable algorithm for the network under
consideration, we developed a new method" This method is
an offshoot of the BFMCS method. The network reduction
process is used to combine all series elements to form a
series-equivalent component. The reliability data of the series
equivalent component are obtained using equations 9 2 1 to
9.2.4 listed below. Both forced and scheduled outages are
considered. For N series components

tv'

As = I A, 00 •• 00 ••••••••••••• (9.2.1)

i=1
lV
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where A , and r, are the failure rate and average outage
duration for component i respectively The primed

symbol (') is for the scheduled case.

9.2.4 Determining NEPA 330-Kv Component
Reliability Parameters

Before subjecting the medium planning of NEPA 330-kV
transmission system to reliability analysis, it is necessary to
determine the reliability parameters of the NEPA 330-kV
transmission system components to be used as opposed to
using pararneters+" of power system components that
operate under different conditions elsewhere. .

Where series equivalent components are in parallel between
adjacent bus bars, they are combined in parallel The
cornthnation is done taking two at a time. Forced outage
overlappinq forced outage and force outage overlapping
scheduled outage are considered. The reliability of the
equivalent component is generated using equations 9.2.5 to
9.2.11 shown below.

We shall then come up with a new method" of determining the
reliability data of system components from the "raw" field data.
The method is based on statistical technique of data
conditioning. It allows necessary confidence limits to be
placed on the parameters so determined. A computer program
specifically written to implement the method is developed in
FORTRAN language.

(i) Foroed outage overlapping forced outage
A p = A, A 2 (r, + r2) -----------------------------(9.25)
rp ~ r, r2 (r, + r2) -----------------------------(9.26)
A' p = " A 2 + A, '2 -------------------------------(9.2.7)
r'p = (' 2 a'2 + '2ad I A' p-------------(9.2.8)
where a; =. r'll (r', + rj)----------------------------- 9.2.9)

I = A j rj-----------------------------------------------(9.2.1 0)
and 'I = A'j r,----------------------------------------(9.2.11),

The major advantage of this latest algorithm is the fact the
minimal path array is fixed throughout the simulation process,
thus relieving the CPU of excessive storage and the computing
time IS greatly reduced. Its other advantages are contained in
reference 31.

For the purpose of this analysis, the electrical power system
components are ctassitied":" according to the influence of
scale parameters such as length, rating, size, etc., on their
performances. Using these scale parameters, two groups are
identified: The first group comprises only the transmission
lines while the second group is made up of other components
such as transformers, circuit breakers and reactors.

In the first group. the scale parameter of length or exposure
has an important influence on the performance of the
transmission line. The influence is on the dependence of
outage rate on the transmission line exposure. However, the
scale parameters for the other group do not have the influence
similar to that' exposure on transmission lines. Hence, the
analytical method of estimating the component reliability data
for transmission lines is quite different from the one used for
the components in the other group.

The reliability parameters normally estimated for transmission
line and other components are outage rate for different types
of failure modes and their associated average duration.
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The field data required for estimatin~ the reliability
parameters of transmission lines include 3 37 voltage level,

type of tower structure. shielded or unshielded lines
geographical location (weather), total circuit length (km) of
exposure for each type of line, total number and type of
outages for each line and the corresponding duration of each
outage mode. The lines are then separated into groups
according to characteristics, other than length, believed to
influence outage rate. The characteristics include operating
voltage, type of structure and shielding. The next step is to
estimate the outage rate for the line

9.2.5 Methods of Estimating The Component Outage
Rate
(a) Transmission Line

There are two methods of estimating the line outage rate:
These are the linear model and the functional model. In the
linear model, an expression relating the line exposure to
outage per year is constructed using regression analysis".
That there is a linear relationship between line exposure and
line outage per year has given credibility to outage per year
per unit length as the unit of outage rate of transmission line
Therefore, the statistical model relating exposure to outage
rate is o = b, + b,x --------------------------------(9.2.12)

Where Vis the estimated number of outages per year for a line
of xkilometer of exposure, b, and b, are constants denoting the
intercept and slope of the lines respectively. bo and bi can be
determined using the Least Squares Method.

In the functional model", the mean number of outages per
year for a particular line is assumed to have Poisson
distribution with expectation R, the outage rate of the line. It is
assumed that for.a particular length of line, the outage rate,
given as a function of the line length and other factors that are
affected by the line length, can be expresses as:
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A(x) = g (x, 00 a, .... or)...... (9.2 13)
where 00 a, 02 are constants. The functional form of

g is usually chosen based on the knowledge of the factors
such as the line voltage drop, line impedance, line capacity
etc., which are related to the line length.

The factors enumerated above also contribute to the
Transmission line's failure. However, the functional form may
be.approximated by a linear model given as
A(x) = ax. .(9.214)
where a is the expected number of outages per kilometre.
Equation 9.2.14 considers all the characteristics of the
transmission line which are related to the length of the line and
also contribute to the line's failure rate. Appropriate confidence
intervals are puton these estimated parameters.

The value of outages per year computed from the regression
line for a given transmission line exposure is an estimate of the
outage rate for such a line. It is 'desirable to be able to make
some statements about the accuracy of such estimates.

We do this by defining a confidence interval about the'
estimated -quantity. The method" of obtaining the confidence
interval bounded by upper and lower confidence limits for a
transmission line depends on the method used in estimating
the parameter. Details of how these confidence limits are
determined are contained in reference 34.

(b) Other Components Such as Transformers, Circuit
Breakers and Isolators
For other components and wit Ii the assumption that the
duration of time period between outages of a given type of
component are exponentially distributed, the best estimated
outage rate A for other components such as transformers,
circuit breakers and isolators is given as

A = L---------------------------------9.2.1 5
T
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where f is the number of outages of the given type
observed during the data collection period of the

component under consideration and T is the number of unit-
years of the class of component during fhe same period.

9.2.6 Estimating The Component Outage Duration
The method of estimating the outage duration for transmission
lines and other components is the same. The first step we
take in estimating' the outage duration is to separate the
outage duration data into groups according to the factors
believed to influence the outage duration.

Next, the mean outage duration r for a particular type of outage
of a group or lines or components is estimated as

n

r=I 'In ·9.2.16

; = ;
where r is the estimate of a true but unknown r,
duration of the ith outage and n is the number of
durations in the sample.

t, is the
outage

The confidence limits are then found for the mean outage
durations in which exponential distribution of outage durations
has been assumed.

9.2.7 Data Collection, Preparation And Estimation of The
Reliability Parameters of The Desired Components of The
Nepa 330-Kv Transmission System
The various procedures discussed above are coded for a
digital computer implementation for estimating the basic
reliability parameters of NEPA 330-kV transmission system
components." The program involves the field data preparation
and the evaluation of the components' reliability parameters
and their confidence limits.
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The source of data used is the daily operational reports of
NEPA40 which is collected over a period of four months

(i.e July to October 1990). The relevant component outage
data are sorted out and presented in a suitable form for study.

The coded field data on each of the system components are
fed into the program and processed. Forced and scheduled
outage parameters and their 90% confidence limits are
computed and are shown in table 9.2.1 to be used for load-
point reliability evaluation of the NEPA 330-kV transmission
system.

Table 9.2. 1: Component Reliability Parameters of NEPA 330 - kV
t: s trsnsrmsston )ys em

Component Fixed outage Scheduled outage
type Failure Rate Average time Shut down Average

(A) per year repair time (r) per year (A') outage down
(hour) time (r') hours

I
Transformer 0.317 1137.60 0.254 2.54

Circuit 0.253 991.08 0.330 179.90
hrf!;lkf!r
Busbar 0.0068 239.76

Transmission 0.001- 12.00 0.018- 35.86
line

.
* these are values per km
Long outage durations are noticed in the computed results for
most of the components. This can be attributed to factors
which include
i. in case of any failure, the components or parts of the

Iaulteo components have to be imported
II. the finance for the purchase of the new component or

spare parts may not be readily available
iii. the diagnosis may require the services of power system

consultant who even may be a foreign expert.
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9.2.8 Subjecting All Transmission Networks Within
The Medium Plan Of :rhe Nepa 330-Kv Network To

Detailed Reliability Analysis
Our newly developed algorithm discussed earlier on is used to
analyse each of the stages of the NEPA 330-KV medium
planning per"iod(1980-1~90). Fig 9.1.1 shows the one-line
diagram for the 1980/81 stage. The 1980/81 stage is taken as
the .base year.- Fig. 9:2.1 is the reliability network for the base
year. Fjgure 9.1.2 and 9.1.3 show the one-line diagram for the
1984/85 and 1989/90 stages, respectively. The 1984/85 stage
is the stage at which Egbin thermal station is expected to come
on stream while the 1989/90 stage marks the end of the 10-
year study period. 'I

The network data for the analysis are in two groups:
(i) the topology of the network - Each component of the

network is given a unique identification number. The
identification numbers are assembled in a matrix form
to represent fhe network topology. This is the reliability. .
matrix for the system. The sources and the desired
load points identification numbers are similarly coded.

(ii) Historical data - These are the failure histories of the
components. The relevant components here are the
busbars, switching devices and transmission lines. The
performance data are in terms of forced and scheduled
outages and their associated outage durations Also,
included are the exposure lengths of the transmission
lines. These values are shown in table 9.2.1.
The first group of input data is peculiar to each stage.
This is given for the base year in tables 9.2.2 to 9.2.4.
Those for other stages are given in table 9.2.5 in terms
of additional transmission lines; transformers, sources
and load-points to the previous stage.
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. Fig. 9.1.3: NEPA 330KV GRID 1980181 STAGE'· RELIABILITY NETWORK
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Table 9.2.2: Busbar Identification for 1980/81 stage

B/S+ BUS NAME BUS NO. B/O++
KJ Kainji 1 Source Point (SP)
SP ·Sapele 2 Source Point (SP)
BK Birnin-Kebbi 3 Load Point (LP)
JB Jebba 4 "

as Osho~bo 5 "

IB Ibadan 6 "

IKW Ikeja - West 7 "

AKB Akangba 8 "
BN Benin 9 "
ON Onitsha 10 "
AB Aba 11 "
EN Enuqu 12 "

GB Gombe 13 "

JS Jos 14 "

KD Kaduna 15 Load Point (LP)
KN Kana 16 Load Point (LP)
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Table 9.2.3: Transmission line lengths for the 1980/81 steoe"

Branch Length (km)
KJ - BK 310
KJ - JBa 350
SP - Bna 45
JB - Os" 156
JB - Kda 350
OS -IB 115
OS -IKW 2-35·
OS-BN 251
IB-IKW 137
IKW - AKBa 17
IKW - Bna 280
BN· - ON 137
ON-AB 158
ON - EN 92
GB - JS 310
JS - KD 310
KD - KN 217

Note: Superscript "a" denotes 2 No.
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Table 9.2.4: Reliability Matrix of the 1980181 Stage

Busbar Circuit Line Circuit Breaker Busbar
Breaker

1 17 63 18 3
1 19 64 20 4

1 21 65 22 4
2 23 66 24 9
2 25 67 26 9
4 27 68 28 5
4 29 69 30 5
4 31 70 32 15 -4 33 71 34 f-~-----._----
5 35 72 36 6
5 37 73 38 7
5 39 74 40 9
6 41 75 42 7
7 43 76 44 8
7 45 77 46 8
7 47 78 48 9
7 49 79 50 9
9 51 80 52 10
10 53 81 54 11
10 54 82 56 12
13 57 83 58 14
14 59 84 60 15
15 61 85 62 16

Table 9.2.5: Stage-by-stage Buses and Branches Not Common to the Previous Stage"

Stage 'B/S· BID" Bus Name Branches Length (km)

1981/82 AL Load point Aladja JB - SR' 244

SR Load point Shiroro SR - KO' 96

SP - AL" 63

1982/83 AF .Source point Afam JB - OSC 157

AJ Load point Ajaokuta BN - AJ' 195

AB - AF' 25

SP - BND 50

1983/84 MO Load point Maidugun ON - AB' 138

GB-MO 130

OS -IKW' 235

1984/85 JB ' Source pornt Jebba ON -BN" 137

SR Source point Shiroro EG -IKW' 62

EG Source point Egbin

1985/86 AK Load point Akure AK- BN 157

PH l.oad point Port AF - PH" 33
Harcourt

OS-AK ' 93

1986/87 BN Load point Benin ZA - 'KN 145

ZA Load point Zana KO -ZA 72

1987/88 MK Load point Markudi EN- MK 93

ON-EN 96

1988/89 MK 'Source point Markudi EN -IK" 77

IK Load point Ikom

1989/90 IK Source point Jkorn BN _IKWb 280- I~

Note: + Busbar symbol; ++ Busbar Desiqnation
Superscript "a" .denotes 2 No.
Superscript "b" denotes 3 No.
Superscript "c" denotes 4 No.



9.2.9: Results and Discussions
To date, there are many reliability indices" for evaluating

the, reliability performance at power system load-points. These
indices are derivable from the failure rates and the average
annual outage times at the load-points. These basic indices
are looked at from the contribution of the forced outages from
the first order cuts and forced outage overlapping forced
outage from the second order and higher order cuts, while
the total outage is the overall contribution of forced outage
overlapping scheduled outage from the second-order and
higher-order cuts and the forced outages as defined earlier on.

upon. As from the 1983/84 stage, the failure rate at
ONITSHA (ON) never exceeds 10 failures in 1000 years.

However, the failure rate at Enugu (EN) improved at a slow
rate until 1988/89 stage when it became 8 failures in 1000
years. I1t Aba (AB), the failure rate improved to a minimum
value' in 1983/84 stage and remained at that value throughout
the plan period.

The contributions of the forced outage overlapping scheduled
outage are computed from the above basic indices. As
analysed earlier on, these basic reliability indices are shown in
tables 9.2.6 and 9.2.7. These results show that the load points
along and those that terminate on a radial circuit have high
values of both load point failure rates and the associated
annual outage durations.

Reinforcements in the form of additional transmission lines,
sources and load points reduce unreliable performances at
most load points. The reliability performances of Birnin-kebbi
(BK), Akangba (AKB), Shiroro (SR), Aladja (AL), Ajaokuta (AJ),
Akure (AK), Port Harcourt (PH) and Zaria (ZA), are not
affected by the forms of reinforcements throughout the
planning period considered. Jebba (JB), Oshogbo (OS), Ikeja-
West (IKW) and Benin (BN) maintained minimum indices
obtainable in all the stages when they were designated as load
points.

Lines and load points added to the base stage to produce
1981/82 stage result in the deterioration of reliability
performance of the network at a number of load points. The
load points are Ibadan (IB), Onitsha (O~) and ENUGU (EN).
Further reinforcements throughout the plan period kept the
failure rate at Ibadan (IB) at 16 failures in 1000 years while the
failure rates at ONITSHA (ON) and ENUGU (EN) are improved
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TABLE 9.2.6: STAGE-BY-STAGE LOADPOINTS' FAILURE RATES (FAILURES/l ,000 yrs)

-.I
tv'

'k ~
. 1980/81 1981/82 1982/83 1983/8 •• 198 ••/85 1985/86 1986/87 1987/88 1988/89 1989/90

Aok Ak Aok Ak . Aok Ak Aok Ak AOk Ak Aok Ak Aok Ak AOk Ak Aok Ak Aok Ak
1 BK 10 •••• 10 •••• 10 •••• 10 •••• 10 •••• 10 •••• 10 •••• 10 •••• 10 •••• 10 •••• 10 •••• 10 •••• 10 •••• 10 •••• 10 •••• 10 •••• 10 •••• 10 •••• 104 •• 10 ••••
2 JB 8 8 8 8 8 8 8 8 - - - - - - - - - - - -
3 OS 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
•• IB 10 112 10 116 10 116 10 116 10 116 10 116 10 116 10 116 10 116 10 116
5 IKW 8 8 8 8 8 8 8 8 8 8 8 II 8 8 8 8 8 8 8 8
6 AKB 16 • 19 16 19 16 19 16 19 16 19 16 19 16 19 16 19 16 19 16 19
7 BN· 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
8 ON ••90 ••90 ••91 491 10 13 8 10 8 8 8 8 8 8 8 8 8 8 8 8

. 9 AB 1028 1028 977 977 8 10 8 8 8 8 8 8 8 8 8 8 8 8 8
10 EN 829 829 842 8••2 362 487 360 362 359 359 359 359 350 350 17 79 8 8 8 8
11 GB 2101 28 ••6 1598 2032 1598 2032 1598 2032 1584 1646 158 •• 16••6 1584 1646 158 •• 1646 158 •• 16 ••6 1584 16 ••6
12 JS 106 •• 1810 706 11 ••0 706 11 ••0 706 11 ••0 692 75 •• 692 75 •• 692 754. 691 75 •• 692 75 •• 692 75 ••
13 KD 28 774 31 ••65 31 465 31 ••65 17 79 17 79 17 79 17 79 17 79· 17 79
14 KN un 1512 811 12 ••5 811 12 ••5 811 12 ••5 797 860 797 860 800 862 800 862 800 862 800 862
15 SR 22 393 22 393 22 393 - - - - - - - - - - - -
16 AL 16 ••5 16 ••5 16· 45 16 ••5 '16 ••5 16 ••5 16 ••5 16 ••5 16 ••5

. 17 AJ 20 260 20 260 20 260 20 260 20 260 20 260 20 260 20 260
18 MD 2058 2492 20 ••4 2107 20 •••• 2107 2044 2107 20 ••4 2107 20 ••4 2107 204 •• 2107
19 AK 10 106 10 106 10 106 10 106 10 106
20 PH 16 25 16 25 16 25 16 25 16 25
21 ZA 292 35 •• 292 35 •• 292 354 292 35 ••
22 MK 26 147 - - - -
23 IK 16 58 - -

TABlE 9.2.7: STAGE~-srAGE lOADPOlNTS' ANNUAl AVERAGE OUTAGE DURATIONS(HrslYr)

-.I...,

k ~
1960181 1981/82 1982183 19831&4 1984185 1985/86 1986187. . 1987188 1988189 198$r'90

lick lit lick lit lick lit lick lit lick lit lick lit lick lit lick lit lick lit. lick lit

1 BK 45.29 45.29 45.29 45.29 45.29 45.29 45.29 45.29 45.29 45.29 45.29 45.29 45.29 45.29 45.29 45.29 45.29 45.29 45.29 45.29
2 JB 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 . - - . - - - - - - - - - - -
3 os 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 :

•• IB 1.95 2.64 1.95 2.66 1.95 2.66 1.95 2.86 1.95 2.66 1.95 2.66 1.95 2.66 1.95 2.66 1.95 2.66 1.95 2;66
5 IKW 1.91 1.91 1.91 1.91 1:91 1.91 1..91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91
6 AKB 3.82 3.85 3.82 3.85· 3.82 3.85 3.82 3.85 3.82 3.85 3.82 3.85 3.82 3.85 3.82 3.85 3.82 3.85 3.82 3.85
7 BN 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 . 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91
8 ON 23.48 23.48 23.48 23.48 1.97 2.81 1.92 1.94 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91 1.91
9 AB 47.18 47.18 45.16 45.16 1.92 1.94 1.92 1.92 1.91 1.91 1.91 1.91 1.91 1.9..1. 1.91 1.91 1.91 1.91 1.91 1.91
10 EN 39.36 39.36 39.87 3987 18.36 19.21 18.31 18.33 18.31 18.31 18.31 18.31 17.93 1793 3.85 ".26 1.91 1.91 1.91 1.91
11 GB 90.82 95.79 72.71 75.61 72.71 75.61 72.71 75.61 70.68 71.09 70.68 71.09 70.68 71.09 70.68 71.09 70.68 71.09 70:68 71.09
12 JS ••7.•••• 52.41 35.01 37.91 35.01 ·37.91 35.01 37.91 32.97 33.39 32.97 33.311 32.97 33.39 32.97 33.39 32.97 33.39 32.97 33.39
13 KD ".07 9.04 5.88 8.78 5.88 8.78 5.88 8.78 3.86 ".25 3.85 ".26 3.85 4.26 3.M ".26 3.85 ".26 3.85 4.26
1•• KN 35.72 40.69 39.17 "2.07 39.17 42.07 39.17 42.07 37.13 37.55 37.13 37.55 39.78 40.2 39.78 .40.2 39.78 40.2 39.78 40.2
15 SR 3.95 6.43 3.95 6.43 3.95 6.43 - - - - - " - - - - - -
16 Al 3.83 4.03 3.83 ".03 3.83 •••OS 3.83 ".03 3.83 ".03 3.83 4.03 3.83 4.03 3.83 ".03 3.83 4.03
17 AJ 3.9 5.51 3.9 5.51 3.9 5.51 3.9 5.51 3.9 5.51 3.9 5.51 3.9 5.51 3.9 5.51
18 MD 93.39 96.29 91.36 91.79 91.36 91.71 91.36 91.71 91.36 91.71 91.36 91.71
19 AK 1.96 2.59 1.95 2.59 2.59 1.95 2.59
20 PH 3.83 3.89 3.83 3.89 3.83 3.89 3.83 3.89 3.83 3.89
21 ZA 17.21 17.63 17.21 17.63 17.21 17.63 17.21 17.63 .
22 MK 5.78 6.59 - - - -
23 IK , 3.M ".12 - ..



In all the stages considered, the failure rate at Akangba
(AKB) does not exceed 20 failures in 1000 years. At

every stage under study, load points such as Gombe (GB), Jos
(JS), Kano (KN) and Maiduguri (MD) have failure rates in
excess of 700 failures in 1000 years.

The failure rate at Shiroro (SR) in the stages where it is
designated as load point is 390 failures in 1000 years.
Markudi (MK) and Ikom (IK) are load points in 1987/88 and
1988/89 stages respectively with failure rates of 147 and 58
failures in 1000 years.

Gombe (GB) has the highest failure rate till 1983/84 stage
when Maiduguri (MD) took over. These two load points are the
most unreliable load points in all the stages. The minimum
failure rate attainable in the stages is 8 failures in 1000 years.

The average annual outage times associated with all the load
points' failure rates are shown in table 9.2.7. Tables 9.2.6 and
9.2.7. show that the reinforcement of the networks strives to
achieve high reliable performance at the load points.

9.2.10 General Observations
The more industrialised a country is, the more it is dependent
on steady and regular supply of power. The rapid and
continued growth of the demand for electric energy in Nigeria
involves the development and expansion of electric supply
system to guarantee reliable supply of power to consumers.

In the reliability analysis of the medium planning of NEPA 330-
kv network, certain features are noticeable. The observed
features are responsible for ~igh unreliability performance at
some load points. These include:

(i) Load points terminating on a radial circuit such as
Birnin-kebbi (BK), Maiduguri (MD) and Kano (KN)

(ii) Load points along a radial circuit such as Jos (JS) and
r Zaria (ZA).
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(iv)

(iii) Load points with single in-feed, i.e., line carrying
. power to the load point e.g. Birnin-kebbi (BK),

Zaria (ZA) and Kano (KN)
Load points with more than one in-feed but from the
same bus bar, e.g., Ajaokuta (AJ) and Aladja (AL)
Long lengths of in-feeds.
The components' reliability field data, i.e., failure rates
maintenance rates, time to replace or repair a. failed
co~pon~nt,. switching times, are combined to give load
point reliability indices. Low quality components and
unskilled operators and maintenance crew can
contribute to the unreliability of components' reliability
data.

(v)
(yi)

9.2".11 RECOMMENDATIONS
In order to make the network more reliable at any load point, it
IS recommended that:
(i) Radial circuits should be reduced to the barest

minimum and if possible ( i.e., economically and
technically), radial circuits can be completely dispensed
with;

(ii) Any load point at this voltage level (i.e 330 kV) should
have more than one in-feed from at least two different
busbars;

(iii) L .. ong Inter-b~sbar distances should be -reduced by
Interspersing more buses within the network:

(iv) Quality of necessary accessories within th~ network
should be of the right type and capacity to reduce
components failure rates

(v) Human factor contributes a lot to the duration of
clearing faults, repair works, collection of data for the
purpose of analysis by researchers, -planninq engineers
and operators among others. It, therefore, becomes
necessary to ensure that operating personnel are of the
right calibre and should be so motivated:

(vi) The importance of a reliable data b~nk in Nigeria
cannot be overemphasised. This particular point
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should be given utmost attention by the relevant
authorities: and

(vii) The minimum indices obtained. in any 01 the stages
are 8 failures .in 1000 'years (table 9.2 ..6) and 1.91.
hours/year (table 9.2.7) as the associated
unavailability. As at now, to the best of my knowledge,
there is no. reliability standard at this Level of
transmission in Nigeria.

Therefore, I am recommending that. the two. indices given
above should be set as load point reliability standard at this
vo.ltage level in Nigeria. New standard can be set after
achieving this recommended standard at all load points in the
system.

~.2.12 CONCLUSION
Mr. Vice-Chancellor sir, for the past one hour or so, we have
been able to see the role which electricity plays in om lives.
We are also convinced "beyond reasonable doubt" that:
(i) power supply from NEPA will always. be cheaper than

supplying the same amount of power from stand by
generators;

(ii) supplying power from stand-by generators is not
uneconomical if power outage from NEPA cannot be
avoided; and

(iii) although one pays more for providing alternative power
supply during any NEPA power outage, the workers'
idleness is eliminated, the revenue generating capacity
of the commercial venture that depends on electricity is
kept going and the general discomfort that
accompanies power outage is eliminated.

Mr. Vice Chancellor sir, we also saw how the NEPA's 330-kV
transmission system" within her 1O-year medium planning
period behaved when subjected to power system analyses of
load flow and reliability studies. The results obtained from the
studies give a good picture of what to expect in the operation
of the system. The interpretation of these results has been
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carried out purely from the technical point of view for an
optimal operation

Mr. Vice Chancellor sir, I feel very strongly that NEPA has to
consider very seriously some, if not all the issues highlighted in
this lecture. Considering the fact the system is developing
very fast, coupled with the increasing consciousness of the
average consumers in Nigeria, as regards the quality of power
supply they are daily demanding, there will beno choice but for
NEPA to operate the system optimally for a good quality of
power supply and subsequent maximum profit so desired in
any thriving industry.

Finally, Mr. Vice Chancellor sir, I wish to end this inaugural
lecture by noting that if all the above discussed observations
and recommendations are sincerely taken and implemented,
respectivefy, then Nigeria will have a re-birth as a country
where Electric power will NEVER fail again.

I thank you all for being patient throughout the lecture.
May God Bless us ALL. .
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